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GRAPHICAL  NOTICE  OF  WILLIAM  HENRY  PETTEE. 

By  I8R4CL  C.  RuBSBLL,  Ann  Arbor,  Mich. 
PORTRAIT,    PLATE   I. 

William  Henry  Pettee  was  born  in  Newton  Upper  Falls, 
Mass.,  January  13,  1836,  of  representative  New  England 
parentage.  His  father  was  a  manufacturer  of  cotton  fabrics 
and  of  mill  machinery.  In  boyhood  his  studious  tastes  had 
to  be  restrained  and  his  college  preparation  delayed  out  of 
regard  to  his  somewhat  slender  bodily  frame.  He  entered 
Harvard  College  at  nineteen  years  of  age,  took  high  rank  in 
the  required  classical  course  of  that  period,  was  selected  to 
deliver  a  Latin  oration  in  his  junior  year,  and  graduated 
with  distinction  in  the  class  of  1861.  He  continued  in  grad- 
uate work  in  the  same  university  for  over  three  years,  receiv- 
ing the  degree  of  master  of  arts  in  1864,  studying  at  first  in 
the  engineeing  department  of  the  Lawrence  Scientific  School 
and  later  in  the  college,  where  at  the  same  time  he  was  an 
assistant. 

From  1865  to  1869  he  traveled  and  studied  in  Europe, 
his  main  work  being  in  the  Royal  Mining  Academy  of  Sax- 
ony, at  Freiberg,  with  vacations  in  the  mining  regions  of 
Germanv. 

In  1868  Mr.  Pettee  returned  to  Harvard  University  as  a 
teacher  in  the  School  of  Mining  and  Practical  Geology  then 
established  under  the  direction  of  Josiah  D.  Whitney.  His 
appointment  in  1869,  was  that  of  instructor  in  mining,  but 
in  1871  he  was  advanced  to  the  rank  of  assistant  professor 
in  the  same  branch,  and  provision  made  for  work  upon  geo- 
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logical  surveys  to  be  carried  on  under  the  auspices  of  the 
Harvard  School  of  Mining. 

In  the  summer  of  1869,  professor  Pettee  made  a  geolo- 
gical and  topographical  survey  of  South  Park,  Colorado,  and 
during  the  year  1870-71,  having  been  granted  a  leave  of 
absence  from  Harvard,  he  became  connected  with  the  Cali- 
fornia State  Geological  Survey.  Besides  making  a  study  of 
gold-bearing  gravels  of  California,  he  undertook  systematic 
work  in  correction  of  the  determination  of  altitudes  by  means 
of  the  barometer.  Some  of  the  results  of  this  investigation, 
collected  from  the  detailed  reports  of  the  survey,  were  pub- 
lished by  authority  of  the  California  State  Legislature  in 
1874,  entitled  Contributions  to  Barometric  Hypsometry,  with 
Tables  for  use  in  California,  to  which  a  supplement  was 
added  in  1878.  ProL  Whitney's  estimate  of  the  onerous 
labor,  the  accuracy  and  perseverance  of  Prof.  Pettee's  work 
in  this  undertaking  appears  in  the  prefatory  note  to  the 
volume  above  mentioned. 

From  1871  to  1875  in  addition  to  other  duties  Prof.  Pet- 
tee  gave  instruction  to  an  elective  section  of  undergraduates 
in  physical  geography,  geology,  and  meteorology  at  Harvard, 
but  before  1875  the  conditions  of  the  gift  supporting  a  school 
of  mining  at  that  institution  were  altered  and  provisions  for 
a  special  instructor  in  these  subjects  was  with  drawn. 

In  1875  professor  Pettee  was  appointed  to  a  professor- 
ship of  mining  engineering  and  related  subjects  in  the  Uni- 
versity of  Michigan,  a  position  which  he  held  with  various 
changes  of  title,  until  his  death. 

In  the  first  semester  of  1879-80,  Prof.  Pettee  was  granted 
leave  of  absence  from  the  University  of  Michigan  to  continue 
his  investigations  of  the  auriferous  gravels  of  California.  His 
report  on  that  work  was  published  as  an  appendix  to  the 
first  volume  of  Whitney's  "Contributions  to  American  Geol- 
ogy." It  has  been  adjudged  to  show  that  careful  examina- 
tion of  phenomena,  weighing  of  evidence,  and  painstaking 
accuracy,  which  those  best  acquainted  with  professor  Pettee 
always  expect  in  papers  prepared  by  his  hand. 

The  annual  transactions  of  the  American  Institute  of 
Mining  Engineers  have  been  submitted  to  professor  Pettee 
for  many  years,  for  critical  proof-reading  and  correction.     Of 
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that  society  he  was  a  life-member,  his  election  dating  from 
1 87 1.  For  many  years  he  was  a  co-worker  with  its  secre- 
tary, Rossiter  W.  Raymond,  who  in  a  recent  memorial  pub- 
lished in  the  Transactions  of  the  Institute,  expressed  high 
appreciation  of  professor  Pettee's  ability  as  a  literary  critic. 
He  was  one  of  the  original  fellows  of  the  Geological  Society 
of  America;  a  fellow  of  the  American  Association  for  the 
Advancement  of  Science,  in  which  he  was  general  secretary 
in  1887;  a  member  of  the  American  Academy  of  Arts  and 
Sciences  during  his  residence  in  Massachusetts ;  and  a  mem- 
ber of  the  American  Philosophical  Society  of  Philadelphia. 

For  professor  Pettee,  the  members  of  the  Faculty  of 
the  University  of  Michigan,  of  which  he  was  a  member  for 
twenty-nine  years,  hold  only  memories  of  the  highest  respect 
and  the  warmest  friendship.  These  cherished  sentiments 
are  but  a  reflection  of  his  own  genial  and  loving  nature,  left 
by  him  as  an  inheritance  to  all  with  whom  he  came  in  con- 
tact. His  more  pronounced  characteristics  as  revealed  in 
his  intercourse  with  his  colleagues  whether  personally  and 
socially  or  in  connection  with  official  duties,  and  equally  con- 
spicuous to  the  students  who  received  his  instruction,  were 
a  kindly  and  loving  nature,  patience  under  difficulties,  pains- 
taking accuracy  in  all  of  his  work,  love  of  truth,  and  un- 
swerving uprightness  of  character.  With  these  high  ideals 
were  coupled  an  abundant  and  ever  accessible  knowledge 
of  the  history  and  traditions  of  education  in  Michigan,  and  a 
love  for  the  branches  of  science  to  which  he  devoted  his 
time  and  energy. 

Professor  Pettee  died  at  his  home  in  Ann  Arbor.  Michi- 
gan, on  May  26,  1904.  While  his  chief  work  during  life 
was  that  of  a  teacher,  his  few  contributions  to  geology  and 
kindred  subjects  show  that  he  was  a  painstaking  and  accurate 
observer. 
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regions  of  California;  in  Placer,  Nevada,  Yuba,  Sierra,  Plumas* 
and  Butte  counties;  made  in  1879."  Appendix  A,  pp.  379- 
487,  of  "The  auriferous  gravels  of  the  Sierra  Nevada  of  Cali- 
fornia/' Vol.  1,  "Contributions  to  American  geology,"  by  J.  D. 
Whitney,  Harvard  College,  Museum  of  Comparative  Zoology, 
Memoirs,  Vol.  6,  Cambridge,  1880. 


PRESENT  PROBLEMS  OF  GEOPHYSICS.* 

By  GioRoi  F.  Bkckbr,  Washington,  D.  C. 

Advances  in  science  are  seldom  made  without  a  view  to 
the  solution  of  specific,  concrete  problems,  even  when  the 
results  of  investigation  possess  the  widest  generality.  The 
history  of  science  is  full  of  instances  of  the  fruitfulness  of 
researches  the  immediate  purposes  of  which  were  narrowly 
defined.  Geophysics  is  only  that  portion  of  general  physics, 
including  under  that  term  physical  chemistry,  which  is  applic- 
able to  the  elucidation  of  the  past  history  and  present  condi- 
tion of  the  earth.  It  is  thus  a  very  definite  branch  of  applied 
science,  the  exigencies  of  which  call  for  the  solution  of  a 
group  of  related  problems.  These,  however,  possess  great 
interest  apart  from  their  application  to  the  globe,  while  for 
the  most  part  they  oflfer  very  serious  experimental  and  theo- 
retical difficulties.  Had  they  been  easy,  they  might  have 
been  solved  long  ago,  for  many  of  these  problems  have  been 
propounded  and  more  or  less  discussed  from  the  birth  of 
modern  science  to  the  present  day.  Their  difficulty,  not 
lack  of  recognition  of  their  importance,  has  postponed  their 
solution. 

The  main  purpose  of  this  paper  is  to  deal  with  the  order 
in  which  it  would  be  expedient  to  investigate  the  questions 
embraced  under  the  head  of  geophysics,  but  a  brief  and 
incomplete  enumeration  of  the  problems  from  a  geological 
standpoint  will  serve  to  lend  a  coherency  and  a  human  in- 
terest to  the  subject  which  it  would  otherwise  lack. 

Physical  geology  begins  with  the  solar  nebula  and  the 
genesis  of  the  earth-moon  system.     The  harmonies  of  the 


*Addross  delivered  at  the  International  Congress  of  Arts  and  Sci- 
ence, at  St.  Louis,  before  the  Geophysical  Section  of  Department  12,  on 
September  21,  1904. 
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solar  system  compelled  the  immortal  Kant  and  the  ever- 
living  Laplace  to  seek  the  origin  of  the  planets,  the  sun  and 
the  other  stars  in  heterogeneous  nebulas  which  they  sup- 
posed to  have  condensed  about  one  or  several  nuclei.  Every 
attempt  to  devise  an  essentially  different  h)rpothesis  has 
failed,  and  every  history  of  the  globe  which  begins  after  the 
birth  of  the  planet  is  unsatisfying.  In  the  drama  of  the  uni- 
verse there  must  have  been  pre-nebular  scenes,  but  of  these 
we  have  as  yet  no  inkling.  The  nebular  hypothesis,  as  its 
authors  propounded  it,  explains  the  similarity  in  the  composi- 
tion of  the  members  of  the  solar  system  which  is  indicated 
by  the  analysis  of  meteorites  and  by  the  spectroscope,  though 
the  facts  thus  revealed  were  unknown  to  Kant  and  Laplace. 
It  is  also  compatible  with  and  accounts  for  the  heterogeneity 
in  the  composition  of  the  earth  manifested  in  the  actual 
asymmetric  distribution  of  oceans,  mountain  ranges  and 
anomalies  of  gravitational  force,  as  well  as  in  the  curiously 
local  occurrence  of  certain  ores  (such  as  those  of  tin  and 
mercury)  and  in  the  predominance  of  certain  alkalies  among 
the  rocks  over  wide  areas. 

This  heterogeneity,  however,  is  of  a  small  order  of  mag- 
nitude. The  general  dependence  of  gravity  on  latitude,  the 
nearly  spheroidal  shape  of  the  earth  and  other  phenomena 
show  that  the  distribution  of  density  is  nearly  symmetrical, 
while  the  divergence  of  the  spheroid  from  the  figure  char- 
acteristic of  a  fluid  of  the  same  mean  density  and  mass  as 
the  earth  demonstrates  that  the  interior  layers  of  equal 
density  are  oblate.  These  and  similar  facts  are  consistent 
with  and  are  strong  evidence  for  the  hypothesis  that  the 
globe  has  been  fused  at  least  to  a  considerable  depth  from 
the  glowing  surface  of  the  gathering  nebulous  mass.  Never- 
theless, Houghton,  and  more  recently  professor  Chamberlin, 
have  supposed  that  the  accretion  of  nebulous  matter  was  so 
slow  that  the  heat  of  impact  did  not  suffice  to  produce 
fusion.  The  hypothesis  of  superficial  fusion  is  not  incompati- 
ble with  the  minor  heterogeneity  pointed  out  above;  for 
the  laws  of  diffusion  in  viscous  fluids  give  proof  that  sensibly 
perfect  homogeneity  could  not  be  produced  even  in  50,- 
000,000  years  throughout  a  body  of  liquid  originally  hetero- 
geneous and  possessing  a  tenth  of  the  mass  of  the  earth.     On 
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the  other  hand,  there  is  no  known  ground  other  than  mere 
convenience  for  supposing  an  original  homogeneity  either 
of  the  nebula  or  of  the  earth. 

The  problem  of  the  distribution  of  density  in  the  earth 
is  one  of  the  most  important  in  all  geophysics.  It  is  as  sig- 
nificant for  geodesy  and  terrestrial  magnetism  as  for  geology. 
That  J^aplace's  empirical  law  represents  it  approximately  is 
generally  acknowledged,  but  it  appears  substantially  certain 
that  this  is  merely  an  approximation  without  theoretical 
value.  Only  extended  researches,  however,  can  replace  it  by 
one  better  founded. 

The  solidity  of  the  earth  is  now  very  generally  accepted, 
though  Descartes's  hypothesis  of  its  fluidity,  invented  to  sat- 
isfy his  erroneous  theery  of  vortices,  died  hard.  Lord  Kelvin 
showed  from  tidal  phenomena  that  the  eflfective  rigidity  of  the 
earth  is  about  that  of  a  continuous  globe  of  steel.  Professor 
Newcoml)  pointed  out  that  the  Chandlerian  nutation  leads  to 
the  same  conclusion  and  an  almost  identical  value  of  the 
modulus  of  rigidity,  and  professor  George  H.  Darwin  dem- 
onstrated that,  if  the  earth  is  a  viscous  fluid,  its  viscosity 
must  be  some  20,000  times  as  great  as  that  of  hard  brittle 
pitch  near  the  freezing  point  of  water.  From  the  point  of 
view  of  modern  physical  chemistry  and  in  consideration  of 
professor  Arrhenius's  opinions,  the  matter  requires  further 
consideration.  In  particular  it  is  most  important  to  know 
whether  the  earth  is  substantiallv  a  crvstalline  solid  or  an  am- 
orphous  substance,  for  many  modern  physical  chemists  con- 
sider amorphous  matter  as  liquid.  This  opinion  is  far  from 
being  established,  however,  and  recent  experiments  by  Mr. 
Spring  show  that  mere  deformation  at  ordinary  temperatures 
attended  by  only  a  very  small  absorption  of  energy,  suffices 
to  convert  crystalline  metals  into  substances  exhibiting 
characteristics  of  amorphous  bodies.  Since  Nordenskiold's 
great  discovery  of  great  masses  of  terrestrial  iron,  or,  rather, 
nickel  steel,  in  Greenland,  and  the  wide  distribution  since 
proved  for  similar  metal  imbedded  in  igneous  rocks,  a  great 
amount  of  evidence  has  accumulated  that  a  large  part  of  the 
earth  is  composed  of  material  indistinguishable  from  that  of 
metallic  meteorites.  Meteoric  iron  is  of  course  a  highly  crys- 
talline material. 
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It  is  a  very  striking  fact  that  the  mean  rigidity  of  the 
earth  is  about  that  of  steel,  for  the  only  substances  likely  to 
occur  in  extensive  continuous  masses  and  displaying  such 
rigidity  at  ordinary  temperatures  and  pressures  is  steel  itself. 
Nevertheless,  the  conclusion  can  not  yet  be  drawn  from  the 
resistance  to  deformation  displayed  by  the  earth,  that  it  is 
chiefly  composed  of  steel.  Elastic  resistance  is  known  to  be 
a  function  both  of  pressure  and  of  temperature,  and  until  this 
function  has  been  determined  by  theory  and  experiment,  the 
bearing  of  the  evaluation  of  rigidity  by  tidal  action  can  not 
be  ascertained. 

Having  shown  the  earth  to  be  a  solid  globe,  lord  Kelvin 
calculated  its  age  from  one  of  Fourier's  theorems,  assuming 
for  purposes  of  computation  an  initial  temperature  of  7000 
degrees  F.  (nearly  3900  degrees  C.)  and  that  the  thermal 
diffusivity  of  the  earth  is  that  of  average  rock.  These  assump- 
tions, with  the  observation  that  the  temperature  near  the 
surface  of  the  earth  increases  at  the  rate  of  i  degree  F. 
for  every  50  feet  of  depth,  lead  to  an  age  of  98,000,000  years ; 
but  on  account  of  the  uncertainty  as  to  conductivities  and 
specific  heats  in  the  interior,  the  conclusion  drawn  by  lord 
Kelvin  was  only  that  the  time  elapsed  since  the  inception 
of  cooling  is  between  20  and  400  million  years. 

Clarence  King  subsequently  took  a  further  important 
step  on  the  basis  of  data  determined  at  his  request  by  pro- 
fessor Carl  Barus  on  the  volume  changes  which  take  place 
in  diabase  during  congelation,  and  on  the  effects  of  pressure 
in  modifying  the  melting  and  solidifying  points.  Assuming 
that  the  earth  can  never  have  had  a  crust  floating  on  a  liquid 
layer  of  inferior  density,  computation  leads  him  to  24  million 
years  as  the  maximum  period  for  the  time  since  superficial 
consolidation  was  effected,  provided  that  the  superficial 
temperature  gradient  and  conductivity  are  correctly  determ- 
ined. 

These  researches,  together  with  Helmholtz's  investiga- 
tion on  the  age  of  the  solar  system,  which  is  incomplete  for 
lack  of  knowledge  of  the  distribution  of  density  in  the  sun, 
have  had  a  restraining  influence  on  the  estimates  drawn  from 
sedimentation  by  geologists.  Many  and  perhaps  moist 
geologists  now  regard  something  less  than  100  million  years 
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as  sufficient  for  the  development  of  geological  phenomena. 
Yet  the  subject  can  not  be  regarded  as  settled  until  our 
knowledge  of  conductivities  is  more  complete.  An  iron  nu- 
cleus, for  example,  would  imply  greater  conductivity  of  the 
interior  and  a  higlier  age  for  the  earth  than  that  computed 
by  King,  though  probably  well  within  the  range  explicitly 
allowed  by  lord  Kelvin  in  view  of  the  uncertainty  of  this 
datum. 

The  researches  of  Kelvin  and  Darwin,  supplementing 
those  of  Kant  and  others,  have  left  no  doubt  that  the  moon 
was  formerly  closer  to  the  earth  than  it  now  is,  and  that  the 
rotation  of  the  latter  was  more  rapid,  involving  a  greater 
elHpticity  of  the  meridan  than  it  now  shows.  In  a  fluid  or 
Cartesian  earth  the  change  of  figure  might  have  produced 
little  effect  on  the  structure  of  the  planet.  If  the  earth  is 
chiefly  a  mass  of  crystalline  nickel  steel,  it  is  very  possible 
that  such  a  change  in  the  figure  of  equilibrium  might  rupture 
it.  Since  the  epoch  at  which  the  earth  rotated  in  5  hours 
30  monutes  the  polar  axis  must  have  elongated  by  several 
per  cent.,  most  of  it  before  the  time  of  rotation  was  reduced 
to  II  hours.*  Were  the  earth  chiefly  composed  of  forged 
steel,  such  elongation  might  be  produced  by  plastic  deform- 
ation ;  but  meteoric  iron  is  rather  comparable  with  cast  iron, 
or  better  still,  with  relatively  brittle,  unforged  cement  steel, 
and  might  break. 

Now  it  is  an  indubitable  fact  that  a  majority  of  the  out- 
lines of  the  great  oceanic  basins  and  the  chief  tectonic  lines 
of  the  globe,  lie  nearly  on  great  circles  tangent  to  the  Arctic 
ocean  and  to  the  Antarctic  continent.t  These  lines,  or  most 
of  them,  are  of  extremely  high  geological  age,  their  main 
features  having  found  expression  as  early  as  the  oldest 
known  fossils  and  in  some  cases  still  earlier.     It  appears  to 


•Compare  Thompson  and  Talt,  'Nat.  PhIL/  Sec.  772,  where  the 
rotational  period  and  eccentricity  are  griven  for  a  fluid  of  the  mass  of 
the  earth  and  possessing  Its  mean  density.  When  the  period  is  5h. 
30m.,  this  table  gives  the  data  for  computing  that  the  polar  axis  has 
a  length  equal  to  0.96  of  the  length  which  it  has  when  the  period  is  a 
sidereal  day.  For  rotaUon  in  lOh.  57m.  the  polar  axis  is  0.99  times  that 
for  a  day. 

t  In  1857  professor  R.  Owen,  of  Tennessee,  and  Independently,  Ben- 
jamin Pierce,  called  attention  to  the  tangency  of  the  coast  lines  to  the 
I>olar  circles  (not  to  the  coast  lines  of  the  arctic  sea  and  the  antarctic 
continent),  each  attributing  the  facts  to  the  Influence  of  the  sun.  In 
the  flrst  'Yearbook'  of  the  Carnegie  Institution  I  failed  to  refer  to 
these  publications. 
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me  very  possible  that  these  fundamental  ruptures  of  the 
globe  were  due  to  the  change  of  figure  attendant  upon  the 
diminution  of  the  earth's  period  of  rotation.  Their  sym- 
metrical disposition  with  reference  to  the  polar  axis  is  un- 
questionable, as  well  as  the  fact  that  they  penetrate  to  g^eat 
depths.  They  must  be  due  to  some  tremendous  force  acting 
axially,  which  actually  altered  the  ellipticity  of  the  meridian, 
since  these  fissures  could  not  have  been  formed  without 
modifying  the  shape  of  the  globe,  and  the  only  known  dis- 
turbance of  this  description  is  the  change  of  figure  referred 
to.  On  the  other  hand,  were  the  earth  homogeneous,  such 
ruptures  would  be  expected  to  have  as  envelopes  small  cir- 
cles in  latitude  45  degrees  instead  of  at  about  latitude  70 
degrees.  But  since  the  earth  is  not  homogeneous,  this  dis- 
cordance does  not  invahdate  the  suggestion. 

Be  this  as  it  may,  upheavals,  subsidences  and  attendant 
contractions  have  been  in  progress  throughout  the  whole  of 
historical  geology  or  the  period  within  which  fossils  afford 
a  guide  to  the  succession  of  strata.  The  so-called  contrac- 
tional  theory  has  shown  itself  wholly  inadequate  to  account 
for  the  amount  of  deformation  traceable  in  the  rocks  of  the 
globe,  nor  has  the  extravasation  of  igneous  rock  been  suffi- 
cient to  account  for  the  phenomena.  To  me  the  earth  appears 
to  be  a  somewhat  imperfect  heat  engine  in  which  the  escape 
of  thermal  energy  is  attended  by  the  conversion  of  a  part 
of  the  supply  into  the  vast  amount  of  molar  energy  mani- 
fested in  the  upthrust  and  crumpling  of  the  continents.  The 
subject  will  probably  turn  out  to  be  accessible  mathematical- 
ly after  certain  experimental  determinations  have  been  made 
and  I  shall  return  to  it  presently. 

Orogeny  or  mountain  building  is  a  mere  detail  of  the 
more  general  subject  of  upheaval  and  subsidence,  but  it  ex- 
hibits problems  of  great  complexity  both  from  the  experi- 
mental and  from  the  theoretical  points  of  view.  There  is  no 
question  that  unit  strains  are  often  reached  or  even  sur- 
passed in  contorted  strata  and  in  belts  of  slate,  but  the  theo- 
ries of  elasticity  and  plasticity  as  yet  developed  are  inade- 
quate to  deal  with  these  strains  in  complex  cases.  An  in- 
vestigation on  finite  elastic  and  plastic  strain  is  now  under 
way  in  my  laboratory  and  has  made  gratifying  progress  thus 
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far;  but  this  is  not  the  place  for  detailed  results.  Some- 
thing also  has  been  done  in  the  way  of  working  out  homo- 
geneous finite  strains  in  rocks,  so  that  the  general  nature  of 
joints,  faults  and  systems  of  fissures  and  the  mechanism  of 
faulting  is  now  fairly  clear.  The  theory  of  slaty  cleavage 
is  a  subject  of  dispute  in  which  I  have  taken  part.  Few  col- 
leagues appear  to  agree  with  me  that  this  cleavage  is  due 
to  weakening  of  cohesion  on  planes  of  maximum  slide,  but  I 
am  not  hopeless  that  my  view  will  make  its  way  to  favor 
in  time. 

Seismology  is  a  vast  subject  by  itself,  but  one  almost 
totally  lacking  in  theoretical  foundation.  Seismological  ob- 
servations should  afford  the  means  of  exploring  the  elastic 
properties  of  the  earth  throughout  its  interior,  but  the  theory 
of  the  vibrations  of  a  spheroid  like  the  earth  is  not  yet 
worked  out.  Meantime  observations  are  being  accumulated, 
but  it  can  be  foreseen  that  these  will  contribute  little  to  elu- 
cidation until  they  include  the  vertical  components  of  the 
vibrations  as  well  as  the  horizontal  ones.  In  other  words, 
we  must  know  the  angle  at  which  the  wave  emerges  from  the 
surface  as  well  as  its  azimuth.  The  causes  and  conditions 
of  earthquakes  afford  a  separate  topic  of  great  interest.  That 
some  of  them  are  of  volcanic  origin  is  evident ;  others  appear 
to  be  due  to  paroxysmal  faulting,  yet  there  is  very  possibly 
a  common  underlying  cause. 

On  no  subject  are  opinions  more  divergent  than  con- 
cerning the  origin  and  mechanism  of  volcanoes.  To  the 
ancients  they  were  the  mouths  of  the  river  Phlegethon.  To 
those  who  adhere  to  the  Cartesian  doctrine  thev  are  com- 
munications  with  the  liquid  interior  of  the  earth.  Most 
geologists  think  of  them  as  connected  with  hypogeal  reser- 
voirs of  melted  matter  subsisting  for  indefinitely  long  periods 
of  time.  Finallv  it  is  conceivable  that  the  lava  mav  be  ex- 
truded  as  soon  as  the  melted  mass  has  accumulated  in  suf- 
ficient quantity,  somewhat  as  water  may  break  through  an 
obstructing  dam  after  its  depth  reaches  a  certain  value.  The 
continual  movements  of  the  rocks  show  that  thev  must  be 
to  some  extent  in  a  state  of  elastic  strain,  so  that  a  given 
cubic  mile  of  rock  resists  surrounding  pressure  in  virtue 
both  of  its  rigidity  and  of  its  compressibility.     If  that  cubic 
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mile  becomes  liquid,  its  rigidity  is  gone  and  the  change  of 
shape  of  surrounding  masses  may  aid  in  its  expulsion.  Of 
course  imprisoned  gases,  especially  the  "juvenile  waters"  of 
professor  Suess,  may  also  play  a  very  important  part  in  ex- 
pulsion. But  the  more  I  have  studied  the  matter,  the  less 
probable  it  seems  to  me  that  considerable  bodies  of  melted 
lava  can  remain  quiet  for  long  periods  of  time  in  the  depths 
of  the  earth.  The  influences  tending  to  their  expulsion 
would  seem  to  be  at  a  maximum  immediately  after  the 
fusion  of  enough  material  to  supply  an  eruption. 

Relief  of  pressure  is  often  invoked  to  explain  fusion  of 
lava,  but  it  is  not  a  wholly  satisfactory  cause.  If  a  deep  crack 
were  to  form,  the  rock  at  the  bottom  might  melt  indeed,  but, 
as  the  crack  filled,  the  pressure  and  the  solidity  of  the  source 
would  be  restored.  To  me.  Mallet's  hypothesis  is  more  sat- 
isfactory, so  far  as  the  explanation  of  fusion  is  concerned. 
Onlv  those  who  have  studied  the  minute  evidence  of  me- 
chanical  action,  in  mountain  ranges  can  appreciate  the  evi- 
dence they  present  of  stupendous  dissipation  of  energy.  This 
has  not  indeed  been  enough^  to  fuse  rocks,  but  it  is  hard  to 
conceive  that  it  is  always  insufficient  to  furnish  the  latent 
heat  of  fusion  to  rocks  already  close  to  their  melting  point 
under  the  prevailing  pressure.  From  this  point  of  view,  vul- 
canism  is  a  feature  of  orogenic  movement  and  it  is  to  be 
looked  for  where  relative  motions  are  concentrated  in  zones 
so  narrow  that  the  local  dissipation  of  energy  is  relatively 
intense.  It  is  also  possible  that  percolating  waters,  by  re- 
ducing the  melting  points  of  rocks,  sometimes  bring  about 
fusion  without  change  of  temperature.  Such  a  hypothesis 
might  fit  the  volcanoes  of  the  Hawaiian  islands  where  there 
is  no  known  faulting  in  progress. 

The  physics  of  magmatic  solution  is  a  great  subject 
which  is  experimentally  almost  untouched,  although  a  vast 
amount  of  geological  speculation  has  been  based  upon  as- 
sumed properties  of  magmas.  It  is  only  within  a  few 
months  that  even  satisfactory  melting-point  determinations 
of  those  most  important  rock-forming  minerals,  the  lime- 
soda  feldspars,  have  been  made.  The  feldspars  are  only  one 
series  of  isomorphous  mineral  mixtures.  Their  study  is  fun- 
damental and  must  be  followed  by  that  of  the  remaining 
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class,  i.  e.,  the  eutectics.  These,  in  my  opinion,  will  lead  to 
a  rational  classification  of  igneous  rocks,  themselves  mix- 
tures and  incapable  of  logical  description  except  in  terms 
of  standard  mixtures,  the  eutectics. 

It  appears  to  me  highly  probable,  for  many  reasons,  that 
the  magmas  of  the  granular  rocks  are  not  liquids  but  stiflf 
emulsions,  comparable  with  modeling  clay,  the  solid  constit- 
uents (perhaps  free  oxides)  being  merely  moistened  with 
magmatic  liquids.  Such  masses  behave  mechanically  like 
soft  solids ;  they  display  some  rigidity  and  in  them  diffusion  is 
reduced  to  a  vanishing  quantity.  They  may  be  ruptured  and 
the  (aplitic  or  pegmatitic)  liquid  portion  may  then  seep  into 
the  cracks.  Such  magma  might  be  forced  into  minute  fis- 
sures, as  is  the  case  when  clay  is  molded  to  terra  cotta 
articles  and  yet  it  would  support  permanently,  on  its  upper 
surface,  rocks  of  superior  density.  Only  in  such  a  magma 
can  I  comprehend  the  simultaneous  growth  of  crystals  of 
various  minerals;  for  in  a  liquid  not  exactly  eutectic,  the 
forrriation  of  crystals  must  follow  a  definite  order.  Again, 
if  banded  gneisses  and  gabbros  had  been  fluid,  the  bands 
would  show  evidences  of  diffusion  which  as  a  rule  are  absent 
or  barelv  traceable  in  these  rocks. 

The  relations  between  consanguineous  massive  rocks 
have  occupied  a  large  part  of  the  attention  of  geologists  for 
many  years.  At  one  time  it  was  supposed  that  homogene- 
ous liquid  magmas  might  split  up  into  two  or  more  homo- 
geneous magmas  by  processes  of  molecular  flow  due  to  dif- 
ferences of  osmotic  pressure.  This  process  was  called  the 
differentiation  of  magmas.  It  has  been  shown,  however, 
that  these  processes  are  so  much  slower  even  than  heat  dif- 
fusion, that  they  cannot  be  efficient  beyond  distances  of  a 
few  centimeters.  For  this  reason,  Mr.  Teall,*  who  first 
suggested  the  application  of  the  Soret  process  to  account 
for  differentiation,  professor  Broggert  and  others,  have 
abandoned  the  hypothesis  of  differentiation  on  a  considerable 
scale  bv  molecular  flow.  Nevertheless,  observations  on  lac- 
eoliths  and  other  occurrences  leave  no  doubt  that  a  single 
magma    may  solidify  to    different  though    consanguineous 
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rocks.  If  the  separation  is  not  molecular  it  is  self-evident 
that  it  must  be  molar.  The  only  molar  currents  readily  con- 
ceivable in  a  body  of  magma  are  convection  currents,  and 
these,  or  even  an  equivalent  mechanical  stirring,  would 
necessarily  lead  to  fractional  crystallization,  a  familiar  pro* 
cess  known  even  to  the  pupils  of  Aristotle,  and  which  is 
almost  unavoidable  when  mixed  solutions  solidify.  This 
process  is  one  of  precipitation  and  is  absolutely  distinct  from 
the  differentiation  (or,  more  properly,  segregation)  of  rock 
magmas,  in  which  a  single  liquid  is  supposed  to  separate 
into  two  or  more  distinct  liquids.  The  general  conditions 
of  the  order  of  precipitation  during  fractional  crystallization 
in  acordance  with  the  phase  rule  are  by  no  means  beyond 
the  reach  of  discussion,  and  the  able  investigations  of 
Messrs.  J.  H.  L.  Vogt  and  J.  Morozewicz  have  a  direct  bear- 
ing on  this  subject. 

A  mystery  which  will  assume  greater  importance  as  the 
accessible  supply  of  coal  diminishes  is  the  origin  of  petro- 
leum. There  is  much  to  be  said  in  favor  of  the  unpopular 
hypothesis  of  Mendeleef,  supported  by  experiments  on  cast 
iron,  that  liquid  hydrocarbons  are  due  to  the  decomposition 
of  the  iron  carbides  of  the  terrestrial  nucleus.  Such  vast 
accumulations  of  oil  as  exist  on  the  Caspian  and  the  Cauca- 
sus seem  incompatible  with  the  hypothesis  of  animal  or 
vegetable  origin,  although  oils  belonging  to  the  same  series 
as  do  the  petroleums  have  been  produced  in  the  laboratory 
from  organic  materials.  On  the  other  hand,  some  meteor- 
ites contain  hydrocarbons  (which  may  themselves  be  due  to 
the  alteration  of  iron  carbides)  and  there  are  geologists  who 
infer  that  the  petroleum  may  be  derived  from  the  mass  of 
the  earth  itself.*  If  the  origin  of  the  oil  is  not  animal  or 
vegetable,  the  supply  is  very  likely  inexhaustible.  More 
extended  study  of  the  connection  between  volcanic  phe- 
nomena and  the  origin  of  asphaltic  and  other  hydrocarbons 
is  a  desideratum. 

Ore  deposits  themselves  form  the  branch  of  geology 
which  was  earliest  cultivated  and  which  will  never  lose  its 
interest  so  long  as  mankind  remains  gainful.  Yet  much  re- 
mains to  be  done  by  experiment  for  the  theory  and  practice 
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of  mining  geology.  The  mechanism  of  the  secondary  en- 
richment of  ores,  particularly  those  of  copper,  detected  by 
Mr.  S.  F.  Emmons  and  enlarged  upon  by  Mr.  W.  H.  Weed,  is 
being  studied  experimentally  in  the  laboratories  of  the 
U.  S.  Geological  Survey.  A  feature  deserving  careful  ex- 
perimental study  is  the  osmotic  separation  of  ores  from  their 
solutions  by  the  wall  rock.  Many  minutiae  of  occurrence 
suggested  that  the  walls  of  veins  often  act  as  a  species  of 
diaphragm  or  molecular  filter  and  have  a  dialytic  action  on 
the  ore  solutions.*  The  origin  of  the  ores  themselves  is  still 
very  obscure  and  will  hardly  be  elucidated  until  more  is 
known  of  the  earth's  interior.  Sometimes  they  seem  to  be 
derived  from  adjacent  rocks ;  in  other  cases  conditions  sug- 
gest that  the  rocks  and  the  veins  derive  their  metaUic  con- 
tent from  a  common  deep-seated  source.  Here,  as  in  several 
other  connections,  professor  Suess's  theory  of  ''juvenile  wa- 
ters" is  very  suggestive.  It  is  held  that  many  of  the  great 
iron  deposits  are  due  to  magmatic  separation.  Depositions 
of  lead  ores  by  replacement  of  calcite  is  a  known  process, 
but  takes  place  under  unknown  conditions.  In  some  cases 
replacement  of  rock  by  ores  appears  to  me  to  be  alleged 
without  sufficient  proof.  Pseudomorphosis  is  the  only  ade- 
quate test  of  replacement. 

Erosion  appears  to  be  a  subject  which  is  capable  of  more 
exact  treatment  than  it  has  received.  Weathering  and 
abrasion  proceed  with  a  rapidity  which  increases  with  the 
surface  exposed  per  unit  of  volume.*  Hence  these  processes 
lead  to  minimum  surfaces.  Therefore  also  the  mathematics 
of  erosion  is  essentially  identical  with  that  of  capillarity. 

Geological  climates  are  as  interesting  to  astrophysicists 
as  to  meteorologists  and  geophysicists.  Messrs.  Langley 
and  Abbot  appear  to  have  evidences  of  recent  variations  in 
solar  emanation.  If  these  have  been  considerable  in  the 
course  of  the  period  of  historical  geology,  light  should  be 
thrown  upon  them  by  the  paleontology  of  the  tropics.  Vari- 
ations in  the  composition  of  the  atmosphere  must  have  been 
very  influential  in  determining  both  the  mean  temperature  of 
the  earth's  surface  and  the  distribution  of  temperature ;  but 
so  also  is  the  distribution  of  water.     No  theory  of  the  glacial 
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period  seems-  generally  accepted.  CroU's  theory  is  discred- 
ited. I  have  shown  to  my  satisfaction  that  the  astronomical 
conditions  most  favorable  to  glaciation  are  high  obliquity 
and  low  eccentricity  of  the  earth's  orbit,t  but  can  not  claim 
any  extensive  following.  -  If  I  am  right,  it  should  be  possible 
to  obtain  a  definite  measure  of  geological  time  in  years  as 
soon  as  the  astronomers  have  completed  the  theory  of  secu- 
lar variations  in  the  planetary  system  so  far  as  to  be  able  to 
assign  the  lapse  of  time  between  successive  recurrences  of 
low  eccentricity  and  high  obliquity. 

A  most  interesting  observation,  which  promises  much 
light  on  the  past  history  of  the  globe,  is  that  lavas  and  strata 
indurated  by  lavas  retain  the  polarity  characteristic  of  the 
locality  in  which  they  cooled.*  The  time  may  come  when  this 
wll  lead  to  determinations  of  the  relative  age  of  lavas,  the 
duration  of  periods  of  eruption  and  possibly  even  absolute 
determinations  of  date. 

Geology  has  long,  and  with  some  justice,  labored  under 
the  reproach  of  inexactitude.  As  has  been  illustrated  in  the, 
preceding  pages,  the  science  is  still  in  the  qualitative  stage 
and  almost  wholly  lacks  the  precision  of  astronomy.  Even 
its  most  ardent  students  have  seldom  succeeded  in  ascertain- 
ing the  quantitative  relations  between  effects  and  operative 
causes  and  have  been  perforce  content  to  indicate  tendencies. 
Thus  geological  doctrine  is  far  too  much  a  matter  of  opinion, 
but  this  is  hardly  the  fault  of  the  areal  geologist.  The  coun- 
try must  be  mapped  both  for  economic  reasons  and  to  accu- 
mulate a  knowledge  of  the  facts  to  be  explained.  Working 
hypotheses  the  field  geologist  must  have,  or  he  could  not 
prepare  his  map ;  and  he  is  only  responsible  for  living  up  to 
the  standard  of  knowledge  of  his  time.  He  is  continually 
face  to  face  with  phenomena  for  which  physics  and  chemistry 
should  account,  though  they  may  have  not  yet  done  so,  and 
must  accept  seeming  probabilities  were  certainty  is  unattain- 
able. So,  too,  Kepler's  predecessors  recorded  facts  and 
guessed  at  generalizations  as  best  they  might. 

The  physics  of  extreme  conditions  still  awaits  satisfac- 
tory exploration.     The  geologist  turns  to  the  physicist  for 
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help  and  in  most  cases  meets  with  the  reply :  Wis  can  not  tell. 
Astrophysics  is  in  much  the  same  situation.  Astronomers 
know  as  little  of  the  distribution  of  density  in  the  stars  or 
planets  as  do  geologists.  Real  knowledge  of  the  physics 
and  chemistry  of  high  temperatures  would  be  as  welcome  to 
them  as  to  us.  After  all,  physical  geology  is  the  astro- 
physics of  this,  the  only  accessible  planet.  Geodesy,  too,  and 
terrestrial  magnetism  are  waiting  for  the  solution  of  geo- 
physical problems.  How  much  might  be  done,  lord  Kelvin 
and  Mr.  George  H.  Darwin  have  shown ;  but  there  are  many 
problems  too  broad  and  too  laborious  to  be  solved  by  in- 
dividual effort,  and  these  are  as  essential  to  the  rounding 
out  of  the  science  of  physics  as  they  are  to  the  development 
of  geology  and  astrophysics. 

In  the  brief  review  which  precedes,  I  have  endeavored  to 
show  that  the  history  of  the  earth  bristles  with  problems,  few 
of  them  completely  solved,  though  in  many  cases  we  have 
some  inkling  of  the  solution.  This  sketch  has  been  drawn 
for  the  purpose  of  considering  the  strategy  of  a  campaign 
against  the  series  of  well  intrenched  positions  occupied  by 
our  great  enemy,  the  unknown. 

Generalizing  the  results  of  the  sketch  presented,  it  is 
easy  to  see  that  nearly  all  the  problems  suggested  involve 
investigation  of  the  properties  of  solids,  or  of  liquids,  or  of 
the  transition  from  one  phase  to  the  other.  It  is  the  business 
of  the  experimental  physicist  to  establish  linear  relations;  it 
is  the  occupation  of  the  mathematical  physicist  to  draw  log- 
ical inferences  from,  these  relations.  Each  will  have  plenty 
to  do  in  a  methodical  study  of  geophysics. 

There  can  be  no  doubt  that  the  character  of  the  earth's 
interior  and  the  physical  laws  which  there  prevail  constitute 
the  most  fundamental  object  of  geological  and  geophysical 
research,  while  the 'results  of  successful  investigation  would 
be  immediately  applicable  at  least  to  the  moon  and  Mars. 
No  one  questions  that  enormous  pressures  and  very  high 
temperatures  exist  near  the  earth's  center,  while  the  quality 
of  matter  which  constitutes  the  interior  can  not  be  satisfac- 
torilv  determined  until  we  know  how  substances  would  be- 
have  under  extreme  pressure  and  at  temperatures  approach- 
ing 2,000  degrees  C.    There  is  every  reason  to  suppose  that 
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in  geodesy  and  terrestrial  magnetism,  and  cast  backward 
through  the  vista  of  time  a  ray  of  light  on  the  nebular  hypo- 
thesis. 

Again,  when  the  law  of  elasticity  and  the  approximate 
constitution  of  the  globe  are  known,  it  will  be  possible  to 
work  out  a  satisfactory  theory  of  the  simpler  modes  of  vibra- 
tion in  a  terrestrial  sphere,  and  then  seismological  observa- 
tions can  be  applied  to  determining  more  precisely  the  in- 
trinsic elastic  moduluses  of  the  earth  along  the  paths  of 
earthquake  waves. 

It  will  also  be  practicable  to  examine  critically  the  pos- 
sible rupture  of  the  globe  as  a  consequence  of  change  of 
figure  and  to  study  intelligently  the  simpler  cases  of  the 
crumpling  of  strata,  Assuring  and  other  problems  in  the  me- 
chanics of  orogeny. 

The  science  of  elasticity  has  had  a  very  disappointing 
history.  Simple  as  is  the  assumption  »/  tensioy  sic  vis,  the 
attempt  to  solve  even  such  seemingly  elementary  problems 
as  the  flexure  of  a  uniformly  loaded  rectangular  bar  leads  to 
insoluble  equations;  so  that  the  science  has  been  relatively 
unfruitful.  It  remains  to  be  seen  whether  a  truer  relation 
between  load  and  strain  will  not  simplify  formulas  and  in- 
crease the  applicability  of  algebra  to  concrete  cases. 

From  an  astrophysical  point  of  view  the  dialytic  action 
of  mineral  septa  is  unimportant,  but  it  has  a  very  interesting 
bearing  on  metamorphism  and  ore  deposition,  and  may  read- 
ily contribute  to  economic  technology. 

The  relations  of  viscositv  to  the  diffusion  of  matter  have 

m 

not  yet  been  elucidated  even  for  ordinary  temperatures.  This 
subject  is  one  of  much  importance  in  connection  with  the 
genesis  of  rock  species,  and  of  course  it  should  be  studied  at 
lo  degrees  before  undertaking  researches  at  i,ooo  degrees. 
High  temperature  work  is  essential  even  in  the  investi- 
gation of  the  elastic  problem  and  it  is  almost  a  virgin  field. 
Even  thermometry  is  very  imperfect  above  the  melting  point 
of  gold,  though  it  is  destined  soon  to  become  exact  at  least 
as  high  as  2,000  degrees,  a  range  which  will  probably  suffice 
for  geophysics.  Rut  we  are  also  in  almost  total  ignorance 
of  the  extent  to  which  the  laws  of  physics,  studied  at  ordinary 
temperatures,  prevail  at  one  or  two  thousand  degrees.     One 
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of  the  less  difficult  problems  of  this  group  is  that  of  thermal 
conductivity  and  specific  heat  of  solid  bodies  at  high  tem- 
peratures. For  the  principal  metals  this  is  already  known  as 
far  as  100  degrees,  but  not  for  rocks  or  minerals.  It  would 
be  especially  desirable  to  have  such  determinations  for  gran- 
ite, basalt  and  andesyte,  the  last  representing  the  average 
composition  of  the  accessible  part  of  the  lithosphere. 

It  seems  to  me  that  when  the  thermal  diffusivities  are 
known  for  these  rocks,  over  a  range  of  a  thousand  degrees, 
the  question  of  upheaval  and  subsidence  can  be  attacked  with 
a  good  prospect  of  success.  A  cooling  sphere  is  conceiv- 
able in  which  the  distribution  of  thermal  diffusivity  is  such 
that  the  flow  of  heat  would  be  "steady,"  in  Fourier's  sense, 
and  thus  accompanied  by  no  superficial  deformation.  With 
any  other  distribution  of  diffusivities,  deformation  would  oc- 
cur, and  the  globe  would  act  as  an  imperfect  heat  engine, 
the  work  done  being  that  of  upheaval  or  subsidence.  Now 
when  the  assuredly  variable  value  of  diffusivity  for  the  mate- 
rials of  the  globe  is  known,  the  mathematical  conditions  for 
steady  flow  can  be  worked  out,  and  if  these  are  not  consis- 
tent with  the  facts  of  the  globe,  a  vera  causa  for  upheaval  will 
have  been  found,  which  may  lead  to  further  and  more  detail- 
ed conclusions.  It  should  also  either  elucidate  or  simplify 
the  subject  of  fusion  of  magmas  and  their  eruptive  expul- 
sion. 

The  data  for  constitution  and  thermal  diffusivity  will 
readily  be  applicable  to  the  problem  of  the  earth's  age  and 
will  yield  a  corrected  value  of  the  probable  lapse  of  time  since 
the  initiation  of  the  consisieniior  status  of  the  Protogaea. 

The  most  difficult  field  in  geophysics  is  the  study  of  solu- 
tions at  high  temperatures.  This  is  largely  because  both 
methods  and  apparatus  require  to  be  mvented.  When  work 
of  this  kind  was  undertaken  in  the  laboratory  of  the  Geolo-. 
gical  Survey,  three  years  since,  no  furnace  existed  in  which 
pure  anorthite  could  be  melted  and  a  trustworthy  determin- 
ation of  the  temperature  of  fusion  made.  For  the  study  of 
aqueo-igneous  fusion  which  must,  of  course,  be  formed  at 
considerable  pressures,  extremely  elaborate  preparation  is 
necessary;  indeed,  all  attempts  hitherto  made  in  this  direc- 
tion have  been  only  very  partially  successful. 
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Were  it  not  that  the  number  of  important  rock-forming 
minerals  is  small,  the  study  of  igneous  solutions  for  geophys- 
ical purposes  would  be  an  almost  hopeless  task.  The  feld- 
spars, the  pyroxenes,  the  amphiboles  and  the  micas  appear 
to  form  isomorphous  series  and  must  be  studied  as  such. 
They,  with  quartz,  make  up  nearly  93  per  cent,  of  the  igneous 
rocks,  nepheline,  olivine,  leucite,  apatite,  magnetite  and 
titanium  minerals  substantially  completing  the  list  which 
enter  into  these  rocks  in  sensible  proportions.  After  the 
Uielting  points  of  the  minerals  have  been  determined  and 
their  isomorphism  has  been  studied,  the  most  important  re- 
search to  be  undertaken  is  that  on  their  eutectic  mixtures. 
Other  features,  however,  must  receive  attention,  such  as 
their  latent  heat,  ionization,  viscositv  and  diffusivitv.  Im- 
mensely  interesting  will  be  the  study  of  melts  into  which 
hydroxy!  enters  as  a  component  and  which  may  turn  out 
to  be  emulsions  rather  than  solutions.  Such  researches  will 
constitute  a  most  substantial  addition  to  physical  science 
and,  as  pointed  out  above,  offer  a  good  prospect  for  the  ra- 
tional classification  of  rocks. 

Enough  has  been  said  to  show  how  closely  geophysical 
researches  interlock.  Researches  at  high  temperatures  must 
accompany  investigations  at  common  temperatures,  physics 
must  he  supplemented  by  physical  chemistry,  mathemtaical 
ability  of  the  highest  order  must  be  called  upon  at  every  step 
to  elucidate  difficulties  and  to  draw  inferences  capable  of  be- 
ing again  submitted  to  inquiry,  and  some  geological  knowl- 
edge, too,  is  requisite  to  appreciate  the  bearing  of  results  and 
to  indicate  the  questions  of  importance.  No  human  being 
has  the  length  of  days,  the  strength,  the  skill  or  the  knowl- 
edge needed  to  undertake,  without  help,  the  investigation  of 
geophysics  as  a  whole.  Only  a  few  of  the  topics  touched 
upon  in  the  earlier  pages  of  this  essay  are  independent  of  co- 
operation; for  instance,  the  astronomical  conditions  favor- 
able to  glaciation  and  perhaps  the  application  of  the  mathe- 
matics of  capilarity  to  the  problem  of  erosion.  On  the  other 
hand,  the  list  of  geophysical  problems  requiring  co-operation 
could  be  almost  indefinitelv  extended  even  now,  and  will  be 
supplemented  when  the  most  pressing  questions  approach 
their  answers. 


Present  Probkms  of  Geopbysics.'^Becker.  2i 

Organization  increases  efficiency  in  scientific  work  as 
much  as  in  technical  pursuits,  though  it  has  seldom  been  at- 
tempted. Instances  in  point  are  the  U.  S.  Geological  Sur- 
vey, the  Reidisanstalt  and  astronomical  surveys  of  the  sky. 
Geophysics,  then,  is  too  difficult  a  subject  to  be  dealt  witiR 
excepting  by  a  well  organized  staff,  working  on  a  definfte 
plan  resembling  that  indicated  above.  The  tastes  and  con- 
venience of  individuals  must  give  way  to  the  methodical  ad- 
vancement of  knowledge  along  such  lines  that  the  work  of 
each  investigator  shall  be  of  the  utmost  assistance  to  Uit 
progress  of  the  rest. 

Work  in  geophysics  is  already  in  progress  in  this  coun- 
try, thanks  to  the  appreciative  sympathy  of  director  Walcott, 
of  the  Geological  Survey,  and  the  liberality  of  the  Carnegie 
Institution,  by  members  of  my  staff  and  in  part  under  my 
direction.  Messrs.  A.  L.  Day  and  £.  T.  Allen  have  made  an 
excellent  series  of  determinations  of  the  melting  points  of 
the  triclinic-  feldspars  and  studied  their  thermal  properties. 
They  are  now  preparing  to  make  experiments  is  aqueo-  ig- 
neous fusion.  Mr.  C.  E.  Van  Orstrand  has  made  a  novel 
application  of  the  theory  of  functions  to  elastic  problems  and 
has  reduced  several  series  of  important  observations  on  elas- 
tic strains  for  comparison  with  theory.  Dr.  J.  R.  Benton  is 
occupied  in  experimental  investigation  of  elastic  strains  in 
various  substances.  The  men  engaged  in  these  researches 
are  able  and  devoted  to  their  work,  but  thev  are  too  few  in 
number,  and  they  are  required  to  make  determinations  of  the 
most  delicate  character  in  an  office  building  standing  in  the 
busiest  portion  of  Washington,  where  the  walls  are  in  a  state 
of  incessant  tremor  and  where  there  is  no  suggestion  of  uni- 
formity of  temperature.  Under  such  circumstances  the  re- 
sults of  observation  can  not  be  of  the  most  refined  charac- 
ter and  must  be  obtained  at  great  expense  of  time  and  effort. 

Most  of  the  great  physicists  of  the  world  have  ex- 
pressed their  interest  in  geophysics  and  their  belief  that  the 
time  is  ripe  for  its  investigation.  Geologists  are  eager  for 
its  results,  but  no  government  can  undertake  investigations 
so  remote  from  industrv  as  this.  I  do  not  think  I  can  more 
fitly  conclude  this  paper  than  by  quoting  a  resolution  intro- 
duced by  Mr.  S.  F.  Emmons  at  Vienna,  a  year  ago.     It  was 
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passed  by  acclamation  by  the  Geological  Congress,  after  a 
ringing  speech  by  professor  Suess,  and  it  expresses  my  own 
views  most  accurately. 

EMMONS'S  RESOLUTION. 

"It  is  a  well-known  fact  that  many  of  the  fundamental 
problems  of  geolog}%  for  example  those  concerning  uplift 
and  subsidence,  mountain-making,  vulcanology,  the  deforma- 
tion and  metamorphism  of  rocks  and  the  genesis  of  ore  de- 
posits, cannot  be  discussed  satisfactorily  because  of  the  in- 
sufficiency of  chemical  and  physical  investigations  directed 
to  their  solution.  Thus,  the  theory  of  large  strains,  either  in 
wholly  elastic  or  in  plastic  bodies,  has  never  been  elucidated ; 
while  both  chemistry  and  physics  at  temperatures  above  a 
red  heat  are  almost  virgin  fields. 

"Not  only  geology  but  pure  physics,  chemistry  and  as- 
tronomy would  greatly  benefit  by  successful  researches  in 
these  directions.  Such  researches,  however,  are  of  extreme 
difficulty.  They  would  require  great  and  long  sustained  ex- 
penditure as  well  as  the  organized  co-operation  of  a  corps  of 
investigators.  No  existing  university  seems  to  be  in  posi- 
tion to  prosecute  such  researches  on  an  adequate  scale. 

"It  is,  therefore,  in  the  judgment  of  the  Council  of  the 
Congres  Geologique  International,  a  matter  of  the  utmost 
importance  to  the  entire  scientific  world  that  some  institu- 
tion should  found  a  well-equipped  geophysical  laboratory  for 
the  study  of  problems  of  geology  involving  further  researches 
in  chemistry  and  physics." 
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NOTES  ON  THE  APICAL  END  OF  THE  8IPHUNCLE  IN  SOME 

CANADIAN      ENDOC£RATIDAE,     WITH     DESCRIP- 

TIONS  OF  TWO  SUPPOSED  NEW  SPECIES 

OF.NANNO. 

By  J.  F.  Whitsatis,  Ottawa,  Out. 

PLATES  U  AND  III. 

In  1870  Barrande  described  and  figured  an  obliquely 
annulated,  cigar-shaped  fossil  from  PhilHpsburgh,  which  he 
thought  was  the  initial  part  of  the  shell  of  an  Endocerasy 
under  the  name  Orthoceras  {Endoceras)  marcoui,  and  in 
1874  be  redescribed  and  refigured  the  same  specimen,  and 
called  it  Endoceras  jnarcoui.  According  to  Foord,*  "the 
figures  of  this  fossil  "give  one  the  impression  that  it  is  a  por- 
tion of  the  siphuncle,  because  it  is  marked  by  a  series  of 
oblique  rings,  which  are  acutely  bent  upward  on  one  side." 
*  *  *  "The  dark  space  represented  in  the  cross  section," 
he  adds,  "I  should  judge  to  be  one  of  the  sheaths  which 
occupy  the  cavity  of  the  siphuncle  in  this  genus."  The 
figures  show  that  the  specimen  is  annulated  to  the  very  tip, 
and  if  it  is  the  apical  end  of  a  siphuncle,  as  it  certainly  seems 
to  be,  it  must  have  been  entirely  internal.  It  looks  like  the 
cast  of  the  interior  of  part  of  the  siphuncle  of  a  Pilocerasy 
and  should  probably  be  called  Piioceras   marcoui. 

However  this  may  be,  in  the  museum  of  the  geological 
survey  of  Canada  there  are  several  sipbuncles,  or  portions 
of  siphuncles,  of  Endoceratidae,  with  the  apical  end  pre- 
served, from  the  Black  River  limestone  at  one  of  the  islands 
in  lake  Nipissing,  collected  by  Mr.  A.  Murray  in  1854,  and 
a  few  from  the  same  formation  at  Paquettes  rapids,  on  the 
Ottawa  river,  collected  many  years  ago  by  Sir  W.  E.  Logan 
or  E.  Billings.  The  swollen  apical  end  of  the  siphuncle  in 
these  specimens  is  so  much  like  that  part  of  the  sipho  iti 
Nanno  aulema,  that  they  were  referred  to  that  species,  by 
the  writer,  in  the  "Ottawa  Naturalist"  for  September,  1898. 
The  recent  acquisition  of  a  series  of  similar  but  much  more 
perfect  siphuncles  from  Kingston  Mills,  has,  however,  shown 

•  CatalofiTue  of  the  Fossil  Cephalopoda  in  the  British  Museum,  Part 
I  0888),  page  132. 
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diat  in  these  fossils  and  in  those  from  lake  Nipissing,  the 
subsequent  and  prolonged  portion  of  the  siphuncle  is  quite 
different  from  that  of  the  western   -A^.   auUma, 

The  same  museum  now  contains  a  collection  of  speci- 
mens of  siphuncles  of  at  least  four  species  of  Endoceratidae 
with  the  apical  end  preserved,  from  the  Cambro-Silurian 
rocks  at  various  localities  in  Ontario  and  Quebec.  A  few  of 
these  specimens  are  silicified  siphuncles,  that  are  either 
water-worn  or  that  have  been  treated  with  acid,  but  by  far 
the  greater  number  are  mere  casts  of  the  interior  of  the 
siphuncle.  The  silicified  specimens  show  the  general  shape 
of  the  siphuncle,  and  the  casts  the  same,  with  the  addition  of 
more  or  less  well  defined,  obliquely  transverse  annulations 
or  "septal  rings,"  and  most  of  the  structure  of  the  .interior. 

In  three  of  these  specimens,  the  apical  end  of  the  siphun- 
cle is  not  gibbous,  or  abruptly  swollen  and  then  suddenly 
contracted,  on  the  convex  inner  side,  as  in  Nannoy  and  thcri 
generic  position  is  uncertain.  Two  of  them  are  from  the 
Black  River  limestone  at  Paquettes  rapids,  and  the  other  is 
from  the  Lorraine  shales  at  the  Don  brick  yard,  near 
Toronto. 

The  two  from  Paquettes  rapids,  which  are  very  different 
from  those  from  that  locality  that  had  previously  been  re- 
ferred to  Nanuo  auUma,  are  silicified  and  badly  preserved. 
They  are  both  acutely  pointed  posteriorly,  and  the  apex  of 
each  is  eccentric,  as  represented  by  figure  i,  on  plate  II.  In 
external  form  they  are  not  at  all  unlike  the  pointed  end  of 
the  guard  of  a  rather  slender  belemnite.  They  are,  also, 
very  similar  in  shape  to  the  anterior  endocone  of  the  siphun- 
cle of  a  Vaginoceras,  like  that  of  V,  commune^  as  figured  on 
page  514,  fig.  1055  B,  of  Eastman's  translation  of  Zittel's 
Text  Book  of  Palaeontology.  But,  externally,  they  both 
show  distinct  traces  of  obliquely  transverse  annulations  or 
septal  rings  over  the  greater  portion  of  their  surface,  and, 
internally,  there  is  a  deep,  funnel-shaped  cavity,  or  endocone, 
at  the  imperfect  anterior  termination  of  each. 

The  specimen  from  the  Don  brick  yard,  which  is  repre- 
sented, a  little  reduced  in  size,  by  figures  2  and  2  a  on  plate 
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II,  is  a  cast  of  the  interior  of  the  greater  part  of  a  large 
but  rather  slender  siphuncle,  fully  seven  inches  and  a  half  in 
length,  collected  by  Mr.  Joseph  Townsend  in  1894.  It  is 
very  slightly  narrower  in  the  long  median  portion  than  at 
a  short  distance  from  either  end^  and  is  obviously  incomplete 
at  the  broken  anterior  end.  Near  the  midlength  it  is 
rounded  suboval  in  transverse  section.  Its  posterior  ex- 
tremity, which  is  straight  on  one  side,  and  widens  rather 
rapidly  on  the  other  for  the  length  of  nearly  an  inch,  is  coni- 
cal and  pointed,  with  an  eccentric  apex.  Its  surface  is 
smooth  and  worn,  and,  if  there  ever  were  any  indications  of 
obliquely  transverse  septal  rings,  they  seem  to  have  been 
quite  obliterated  prior  to  the  fossilization  of  the  specimen. 
The  shales  from  which  this  siphuncle  was  collected,  hold 
characteristic  examples  oiEndoceras  proteiforme. 

In  all  the  other  isolated  siphuncles  of  Endoceratidae  in 
this  collection,  the  apical  end  is  gibbous,  or  swollen  and  then 
abruptly  and  widely  but  not  very  deeply  contracted,  on  the 
convex  inner  side,  as  io  Nanno.  The  subsequent  portion 
is  prolonged,  longicone,  moderately  elongated  and  rather 
slender.  These  siphuncles  are  very  similar  to  those  of  En- 
doceras  beUmnitiJorme,  as  figured  by  Holm,  though  the 
obliquely  transverse  annulations  on  the  surface  of  the  Cana- 
dian specimens  indicate  that  the  septa  were  much  more 
numerous  and  closely  approximated,  and  initernally  their 
endosiphon  opens  anteriorly  into  a  large  and  deep,  funnel- 
shaped  cavity. 

If  ^.  belemniiiforyne  be  a  Va^inocera^y  as  it  is  asserted 
to  be  by  Hyatt,  these  siphuncles  should  probably  be  referred 
to  that  genus.  But,  the  type  of  Vaginoceras  is  the  Emio- 
ceras  tnultitubulaium  of  Hall,  an  extremely  elongated  and 
slender  species,  whose  apex  is  unknown,  and  it  is  difficult  to 
see  how  E^  beUmnitiforme  can  belong  to  the  same 
genus.  Holm  and  Clarke  both  state  confidently  that 
E,  belemniti^orme  is  a  Nanno,  and  it  therefore  seems  most 
prudent  to  refer  all  these  siphuncles  to  that  genus  provision- 
ally. Foord,  it  is  true,  has  observed  that  portions  of 
siphuncles  are  not  of  much  use  for  purposes  of  generic  or 
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specific  determination  or  description,  but  such  apparently 
valid  genera  as  Ifuronta,  Discosorus,  Deirocems  and  Narthe- 
coceras  have,  nevertheless,  been  practically  based  upon  just 
such  specimens.  Incidentally,  also,  it  may  be  mentioned 
that  the  flattened  outer  side  of  the  siphuncle  in  Endoceras 
marcouiy  E,  beUmnitiforme^  and  Nanno  aulemay  upon  which 
the  obliquely  transverse  annulations  are  arched  forward,  is 
called  the  dorsal  side  by  Barrande  and  Clarke,  the  peripheral 
by  Holm,  and  the  ventral  by  Hyatt.  In  this  paper  it  will  be 
called  indifferently  the  peripheral,  outer,  or  flattened  side. 

These  siphuncles  group  themselves  naturally  into  at 
least  two  species,  both  of  which  are  apparently  undescribed, 
though  it  is  by  no  means  certain  that  both  belong  to  the 
same  genus.  One  of  these  species  is  represented  by  a  single 
specimen  from  the  Calciferous  of  Ontario,  and  the  other  by 
several  specimens  from  Kingston  Mills,  also,  possibly,  by 
all  those  siphuncles  from  lake  Nipissing  and  Paquettes  rapids 
that  had  previously  been  identified  with  Nanno  aulema. 
These  two  species  may  be  provisionally  named  and  charac- 
terized as  follows: 

NANNO  PRIMAEVU8,  sp.  nov. 
PLATE  II— Figs.  3  and  3  a. 

Apical  cone  of  the  siphuncle,  the  only  part  known,  al- 
most straight  on  the  flattened  peripheral  side,  slightly  swollen 
at  a  short  distance  from  the  apex  on  the  opposite  or  convex 
side,  then  lightly  or  shallowly  contracted  on  that  side,  and 
ultimately  increasing  very  slowly  in  thickness,  the  commence- 
ment of  the  prolonged  or  longicone  portion  being  nearly  cir- 
cular in  transverse  section,  but  also  flattened  on  the  peri- 
pheral side. 

Surface  of  the  apical  portion  of  the  endocone  smooth; 
its  anterior  and  contracted  portion  rather  obliquely,  and 
closely  but  faintly  annulated,  thougji  the  annu!alions,  or  ob- 
scure low  annular  ridges,  appear  to  be  interrupted  on  the 
smooth  and  flattened  peripheral  side.  These  annular  ridges 
are  numerous  and  close  set,  though  they  are  unequal  in  size 
and  irregular  in  their  distances  apart. 
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Calciferous  formation  at  Lot  18,  Con.  6,  Marlborough, 
Ont.,  W.  R.  Billings,  1898:  a  silicified  fragment  of  the  pos- 
terior end  of  the  siphuncle,  about  an  inch  and  a  quarter  in 
length,  with  the  apex  broken  off,  but  clearly  showing  the 
swelling  and  subsequent  contraction  on  the  inner  or  convex 
side.  The  interior  of  this  fragment  is  not  very  well  pre- 
served, as  the  specimen  has  been  treated  with  acid,  which 
may  have  destroyed  some  of  the  more  minute  details  of 
sculpture.  The  expanded  portion  of  the  praeseptal  cone 
seems  to  have  been  composed  of  two  thin  outer  layers  of 
test,  that  ate  amalgamated  or  fused  together,  as  it  were,  on 
the  convex  inner  side,  and  that  enclose  a  rather  large  inter- 
nal cavity.  The  interior  of  the  subsequ2n,t  and  contracted 
portion  is  nearly  filled  with  a  lining  of  minute  quartz  crystals. 

This  fragment  seems  to  be  the  first  Nanno-like  siphun- 
cle  that  has  been  found  in  the  Calciferous  formation,  but  it 
is  with  some  hesitation  that  it  is  referred  to  the  genus  Nan- 
no, 

NANNO  KINQ8T0NEN8I8,  sp.  nov. 

PLATE  m— All  of  the  figures. 

Siphuncle  longicone,  moderately  elongated  and  often 
quite  slender;  tumid  and  gibbous,  or  only  slightly  swollen 
near  the  apex  and  afterward  rather  abruptly  contracted  on 
the  convex  inner  side,  but  ultimately  increasing  very  grad- 
ually and  equally  on  both  sides.  Transverse  section  usually 
subelliptical  or  semielliptical  in  outline,  with  the  lateral 
diameter  a  little  greater  than  the  dorso-ventral ;  or  not  far 
from  circular,  but  always  with  the  peripheral  region  more  or 
less  flattened. 

Posterior  and  expanded  portion  of  the  apical  cone 
smooth ;  the  contracted  portion  thereof  and  the  whole  of 
the  siphuncle  in  advance  of  the  apical  cone  marked  with 
numerous,  rather  closely  disposed,  continuous  and  obliquely 
transverse  annulations  or  "septal  rings."  These  annulations 
are  rather  wide,  flat  bands,  varying  in  width  from  two  or 
three  millimetres  in  small  specimens  to  four  or  five  in  large 
ones,  with   faint  narrow  depressions    or  grooves    between 
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them.  They  are  very  similar  to  the  septal  rings  of  the  siph- 
uncle  of  Piloceras  and  each  of  them  is  curved  concavely  and 
^hallowly  backward  on  the  convex  inner  side,  and  forward, 
into  a  narrowly  rounded,  short,  tongue-like  process,  on  the 
flattened  peripheral  side. 

Longitudinal  sections  of  the  praeseptal  cone  show  very 
little  if  any  structure.  But,  in  similar  sections,  the  pro- 
longed portion  of  the  siphuncle  is  seen  to  be  filled  with 
numerous  and  closely  disposed,  invaginated  sheaths,  and  the 
€ndosiphuncle  to  open  anteriorly  into  a  large  and  deep  fun- 
nel-shaped cavity,  as  represented  in  figure  4.  In  a  specimen 
in  which  parts  of  the  sutures  of  some  of  the  septa  are  pre- 
served, the  sutural  lines  are  closely  approximated  and  about 
three  or  four  millimetres  apart. 

External  test  unknown. 

Railway  cutting  at  Kingston  Mills,  near  Kings,ton,  Ont., 
Dr.  R.  W.  Ells,  W.  A.  Johnston,  and  J.  F.  Whiteaves,  1902 : 
several  imperfect  casts  of  the  interior  of  the  siphuncle,  and 
one  specimen  with  parts  of  the  sutures  of  some  of  the  septa 
preserved.  These  casts  are  broken  in  all  directions,  longi- 
tudinally and  transversely,  and  their  broken  ends  are  some- 
times worn  and  rounded,  in  the  matrix,  evidently  prior  to 
their  fossilization,  but  the  septal  rings  are  often  remarkably 
well  defined.  The  best  specimens  are  pieces  of  the  Nanno- 
likc  apical  end,  from  a  little  over  an  inch  to  fully  two  inches 
in  length,  and  of  the  subsequent  prolonged  or  long^cone  por- 
tion, from  two  to  four  and  a  half  inches  in  length,  but  in  no 
•cases  have  the  two  been  found  united. 

The  exact  age  of  the  limestone  at  Kingston  Mills,  in 
which  these  siphuncles  occur,  is  still  uncertain. 

On  page  178  of  the  Geology  of  Canada  for  1863,  it  is 
stated  that  "at  Kingston  Mills  an  exposure  of  twelve  feet  in 
thickness,  of  much  the  same  character  as  the  lower  portion 
of  the  strata"  between  the  Potsdam  sandstone  and  the 
Birdseye  and  Black  River  formation,  "is  seen  resting  on 
gneiss,  in  the  excavation  made  for  the  Grand  Trunk  Rail- 
way. In  this  a  fossil  occurs,  somewhat  resembling  the  sipli- 
tincle  of     Piloceras  cauadense,    but  it  may  be  a  fragment  of 
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the  internal  cast  of  the  siphuncle  of  an  Orthoceras.  The 
former  would  seem  to  ally  the  deposit  with  the  Calciferous 
formation,  but  a  single  fossil  is  too  slight  an  evidence  to  fix 
its  age." 

Specimens  of  this  fossil  had  been  collected  by  Sir  W.  E. 
Logan  at  Kingston  Mills  in  1842,  and  although  these  can  no 
longer  be  found,  there  is  little  doubt  but  that  they  are  pieces 
of  the  siphuncle  of   -A^.  kingstonensis , 

The  similar  specimens  recently  collected  at  this  locality 
by  Dr.  Ells,  Mr.  Johnston,  and  the  writer,  were  found  asso- 
ciated with  (i)  a  slender  and  apparently  undescribed  species 
of  Aciinoceras  or  ParactinoceraSy  and  (2)  a  small  Raphis- 
toma.  The  Aciinoceras  seems  to  have  had  a  smooth  test,, 
and  a  beaded  siphuncle,  detached  and  worn  segments  of 
which  are  abundant  as  little,  slightly  depressed  spheroids. 
Only  one  specimen  of  the  Raphistoma  was  found,  and  it  is 
too  imperfect  to  be  determined  specifically,  but  the  genus  is 
not  known  to  occur  in  rocks  as  old  as  the  Calciferous.  These 
fossils  would  seem  to  indicate  that  the  limestone  at  Kings- 
ton Mills  is  probably  not  older  than  the  Chazy  formation, 
noi  much  if  at  all  newer  than  the  Black  River  limestone. 

The  siphuncles  from  lake  Nipissing  and  Paquettes  rapids 
that  were  formerly  referred  to  Nanno  aulcma,  can  scarcely 
be.  distinguished  at  present  from  those  of  N.  kingsioncnsis, 
and  if  they  should  prove  to  be  specifically  identical  therewith^ 
the  limestone  at  Kingston  Mills  may  be  found  to  be  only  a 
local  phase  or  modification  of  the  Black  River  limestone,  or 
of  part  of  the  Birdseye  and  Black  River  formation.  On  the 
other  hand,  it  must  not  be  forgotten  that  the  surface  mark- 
ings of  the  prolonged  portion  of  the  siphuncle  are  not  at  all 
well  preser\'ed  in  the  specimens  from  lake  Nipissing,  and 
that  it  is  only  the  apical  end  of  the  siphuncle  that  is  to  be 
seen  in  those  from  Paquettes  rapids. 

Ottawa,   October  15,   1904. 
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THE    PROGRESS    OF    VERTEBRATE    PALAEONTOLOGY    AT 
THE  AMERICAN   MUSEUM  OF  NATURAL   HISTORY, 

NEW  YORK. 

Bj  O.  P.  Hat.  New  York. 

During  the  past  summer  professor  H.  F.  Osborn,  of 
the  department  of  vertebrate  palaeontology,  sent  out  three 
expeditions  in  search  of  fossil  mammals  and  reptiles.  One 
•of  these,  in  charge  of  Dr.  W.  D.  Matthew  and  Mr.  Walter 
Granger,  spent  the  season  in  the  Bridger  Eocene,  in  south- 
western Wyoming.  Special  search  was  made  for  complete 
remains  of  the  great  horned  mammal,  the  Uintatherium, 
which  inhabited  that  region  during  the  Eocene.  As  a  result, 
two  skeletons  were  secured  and  a  fine  lower  jaw.  One  of 
these  skeletons  was  in  such  a  position  that  it  appeared  to 
have  been  mired  in  what  was  then  a  soft  tenaceous  clay,  but 
is  now  an  olive  shale.  There  were  found  also  a  skeleton  and 
two  fine  skulls  of  Hyrachyus,  a  primitive  running  rhi- 
noceros; the  skull  and  part  of  the  skeleton  of  Hyopsodus, 
•either  a  lemur  or  an  insectivore;  threes  skulls  of  Isecto- 
lophus,  a  primitive  tapir ;  six  skulls,  two  with  portions  of  the 
skeltnon,  of  Palaeosyops,  an  early  type  of  titanothere ;  and 
two  skulls  of  carnivores  related  to  the  dog  family.  There 
w^re  secured  also  numerous  jaws  and  other  fragmentary  re- 
mains representing  the  many  kinds  of  small  monkeys, 
■carnivores,  rodents,  etc.,  described  by  professor  Mafsh 
irom  this  formation.  The  Museum  has  now  examples  of  al- 
most every  known  species  of  the  Bridger  formation,  except 
Tillotherium  and  Stylinodon;  and  in  many  cases  far  more 
complete  materials  than  have  hitherto  bean  found.  Besides 
these,  several  genera  and  many  species  which  had  not  be- 
fore been  known  have  been  secured  by  the  museum.  The 
fauna  of  this  region  was  a  surprisingly  rich  one,  including 
besicfes  mammals,  many  crocodiles,  lizards,  fishes,  and 
numerous  turtles.  Diligent  search  was  made  for  the  fossil 
Tiorse  of  the  Bridger,  but  thus  far  only  fragmentary  speci- 
mens have  been  found,  the  best  being  a  palate  with  a  com- 
plete set  of  upper  teeth. 

In  charge  of  the  search  for  reptiles  professor  Osborn 
placed  Mr.  Barnum  Brown,  connected  for  several  years  with 
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the  museum,  and  especially  known  for  his  successful 
palaeontological  explorations  in  Patagonia  and  Montana. 
It  was  especially  desired  to  secure  a  complete  skeleton  of 
some  of  the  great  plesiosaurs  which  are  known  to  have  in- 
habited the  region  west  of  the  Missouri  river  during  Creta- 
ceous times.  Continuing  his  work  of  1902  and  1903,  Mr. 
Brown  made  special  search  in  the  Pierre  shales,  with  satis- 
factory results.  From  these  shales  near  Edgemont,  S.  Da- 
kota, he  obtained  the  greater  part  of  a  plesiosaur  skeleton, 
including  skull,  jaws,  the  complete  neck  about  fifteen  feet 
long,  one  complete  paddle,  part  of  the  pectoral  girdle,  and 
some  dorsal  vertebrae.  In  the  same  locality  there  was  se- 
cured another  plesiosaur  having  skull,  jaws,  one  complete 
paddle,  and  some  vertebrae.  Two  other  important  reptilian 
specimens  were  obtained  in  this  formation,  a  young  plesio- 
saur having  both  girdles  and  two  paddles :  and  a  mosasaur  • 
with  skull,  jaws,  and  part  of  the  skeleton  uncrushed.  This 
tOi-mation  yielded  twenty-two  boxes  of  fossils. 

Mr.  Brown  extended  his  exploration  into  the  Ft.  Ben- 
tv^n  formation.  In  1903  he  found  there  a  complete  skull  of 
a  great  marine  crocodile  with  a  long  snout,  in  a  somewhat 
broken  condition.  This  year  a  perfect  specimen  of  the  same 
animal  was  secured. 

In  beds  near  the  Judith  river  in  Montana  the  skele- 
ton of  a  large  hadrosaur  named  Trachodon  was  discovered^ 
including  pelvis,  vertebral  column,  and  limb  bones. 

Mr.  Brown  with  his  party  then  journeyed  into  New 
Mexico  in  search  of  beds  which  had  been  reported  as  con- 
taining large  reptiles  of  the  Jurassic  age.  On  arrival  it  was 
found  however  that  these  beds  were  reallv  of  Cretaceous 
Hge,  belonging  to  the  Laramie.  Here  were  fortunately  ob- 
tained the  complete  skull  and  jaws  of  one  of  the  primitive 
horned  dinosaurs  named  by  professor  Cope  Diclonius;  also 
a  large  turtle. 

From  New  Mexico  Mr.  Brown  went  into  Arkansas  and 
made  search  in  ac  revasse,  explored  somewhat  last  year,  for 
fossil  mammals  of  the  Pleistocene  period.  Here  were  secured 
ten  complete  skulls  and  many  fragmentary  skulls  of  rodents 
and  carnivores,  about  one  thousand  jaws,  thousands  of  limb 
bones  and  vertebrae,  representing  nearly  forty  species  of 
animals.     Materials  were  brought  to  the   museum  for  the 
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preparation  of  a  section  of  this  remarkable  cave.  This  will 
shciw  the  bones  as  they  were  found  in  position.  The  animals 
were  either  washed  into  this  cave  or  were  dragged  in  by 
small  carnivores.  They  include  many  living  species  of  ani- 
mals, such  as  bears,  pumas,  foxes,  wolves,  deer,  beaver,  rab^ 
bits,  squirrels,  mice,  rats,  bats  and  several  kinds  of  birds, 
among  them  probably  some  extinct  forms.  There  were  dis- 
covered also  remains  of  certain  lizards,  toads  and  frogs.  The 
species  of  these  animals  were  partly  of  living  kinds,  partly  of 
kinds  which  have  disappeared  since  this  remarkable  cave 
collection  was  deposited.  As  proof  of  its  geological  age, 
there  were  found  also  a  skeleton  of  the  saber-toothed  tiger, 
recognizable  although  very  much  crushed,  and  the  skeleton 
of  a  musk  ox.  Remains  of  a  living  species  of  peccary  were 
also  found. 

The  third  expedition  was  sent  into  the  Oligocene  bad- 
lands of  Chevenne  river,  in  South  Dakota,  and  was  in 
charge  of  Mr.  A.  F.  Thompson  of  this  Museum.  Especial 
attention  was  to  be  paid  to  the  collection  of  fossils  from  the 
Titanotherium  beds,  the  fauna  of  which,  excepting 
Titanotherium  itself,  is  little  known.  This  fauna  is  of  espec- 
ial importance,  as  it  will  enable  us  to  connect  more  closely 
the  rich  Mid-Oligocene  fauna  with  the  Upper  Eocene 
CUinta)  fauna  of  Utah  and  to  determine  how  far  the  Oligo- 
ceiie  fauna  is  a  product  of  evolution  from  known  Eocene 
types  and  how  far  of  immigration  from  regions  whose 
Eocene  fauna  is  not  vet  discovered. 

Mr.  Thompson  had  considerable  success  in  the  Titano- 
therium beds,  and  secured  some  excellent  specimens  from 
the  Oreodon  beds  also.     The  collection  includes  skulls  and 

fragmentary  skeletons  of  at  least  three  new  genera,  two 
ritanothere  skulls,  seven  rhinoceros  skulls,  and  various 
other  specimens  of  less  importance,  but  representing  sev- 
eral new  species.  Three  fine  specimens  of  turtles  were  se- 
cured, two  of  which  are  new.  The  number  of  catalogued 
specimens  is  125. 

The  curator  of  the  department  of  vertebrate  palaeonto- 
logy, Prof.  H.  F.  Osborn,  spent  a  portion  of  the  summer  in 
Europe,  visiting  various  museums  and  attending  the  Zoolo- 
gical Congress  at  Bern  and  the  meeting  of  the  British  Asso- 
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dation  for  the  Advancement  of  Science,  in  England.  The 
writer  also  attended  the  Congress  at  Bern  and  visited  many 
museums  on  the  continent  and  at  London,  examining  espec- 
ially the  fossil  turtles. 


THE   COMPARATIVE   ACCURACY    OF     THE     METHODS     FOR 
DETERMINING  THE  PERCENTAGES  OF  THE  SEVERAL 
COMPONENTS  OF  AN  IQNEOUS  ROCK. 

By  IBA  A.  Williams,  Ameii,  Iowa. 

The  object  of  this  paper  is  to  present  the  results  of  a 
series  of  determinations  of  the  quantitative  mineral  compo- 
sition of  an  igneous  rock.  These  determinations  were  made 
according  to  the  various  methods  that  have  heretofore  been 
employed  by  different  investigators  in  estimating  the  rela- 
tive proportions  of  the  constituents  of  igneous  rocks.  The 
work  was  done  at  Columbia  University  where  the  writer  was 
at  the  time  Fellow  in  Geology.  Xot  all  of  the  methods  em- 
ployed, however,  are  equally  applicable  to  both  the  thoroly 
crystalline  and  the  porphyritic  rocks ;  while  with  the  glasses 
and  felsytes  no  accurate  estimate  of  composition  can  be 
made  by  any  means  except  chemical  analysis. 

The  methods  used  may  be  listed :  (a)  calculation  of  min- 
eral composition   from  the  chemical  analysis  of  the  rock; 

(b)  sei)aratic)n  of  the  mineral  grains  of  the  crushed  sample 
accordinj^  to   their   s])ccific   gravity  by  Thoulet's   solution; 

(c)  the  method  based  on  the  microscopic  measurement  of  the 
diameters  of  grains  in  thin  sections ;  (d)  that  based  on  the 
microscopic  measurement  of  the  areas  of  the  grains  in  thin 
sections:  (e)  ])hotographiiig  microscopic  fields,  then  cutting 
out  and  weighing  {xon\  j)rints  thus  secured  the  areas  of  the 
various  constituents;  (f)  calculation  of  volume  percentages 
from  the  data  obtained  by  the  foregoing  microscopic 
methods. 

In  order  to  obtain  results  admitting  of  comparison,  it 
was  necessary  at  the  outset  to  select  a  rock  to  which  each 
of  these  several  methods  could  be  ai)plied.  The  rock  must 
therefore  be  a  holocrystalline  one.  The  coarser  the  grain, 
moreover,  and  the  more  clear  cut  and  distinct  the  boundaries 
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of  the  minerals,  the  more  nearly  ideal  is  the  sample  for  the 
purpose  in  view.  More  important  still,  perhaps,  is  the  re- 
quirement that  the  minerals  themselves  be  such  that  each 
and  every  grain  can  be  readily  and  certainly  recognized  at  a 
glance  under  the  microscope.  The  misidentification  of  a 
grain,  or  of  a  few  grains  in  a  field,  especially  if  the  rock  be 
coarse  textured,  is  certain  to  afford  results  that  are  more 
or  less  incorrect. 

After  some  preliminary  and  unsatisfactory  experiments 
with  the  Palisade  diabase  from  New  Jersey  and  a  nephelite 
syenyte  from  Red  Hill,  New  Hampshire,  the  rock  finally 
selected  was  the  pink  granite  from  Westerly,  Rhode  Island.* 
The  Westerly  granite  is  moderately  coarse-grained  as  a  rule, 
and  unusually  so  in  places.  The  individual  grains  of  the 
principal  minerals  range  from  1.5  to  5  mm.  in  diameter. 

Professor  J.  F.  Kemp  in  the  paper  cited  gives  a  com- 
plete description  of  the  rock  and  enumerates  the  essentic^l 
and  accessory  minerals  which  compose  it.  Under  the  micro- 
scope the  following  minerals  are  recognizable  in  practically 
every  field.  Orthoclase,  often  showing  the  reticulated  struc- 
ture of  microcline,  a  plagioclase,  near  oligoclase,  quartz, 
magnetite.  A  little  muscovite  and  apatite  occur,  but  so  far 
as  their  presence  is  concerned  in  the  percentage  composi- 
tion of  the  rock  as  a  whole,  can  be  neglected.  Biotite  is  a 
normal  constituent  but  in  the  sample  worked  with  was  pres- 
ent in  only  very  subordinate  amount.  Other  more  rare  ac- 
cessories occur  but  are  neglected  in  the  present  study. 

The  anhedra  of  quartz  and  the  feldspars  are  predomi- 
nantly distinct,  one  not  including  the  other  as  a  rule.  In 
some  slides,  however,  the  quartz  is  sometimes  broken  up  into 
smaller  rounded  grains  which  are  frequently  included  in  the 
feldspars.  The  boundaries  in  these  cases  are  not  so  sharply 
defined  and  the  necessity  of  taking  into  account  numerous 
small  particles  of  one  mineral  in  a  groundmass,  as  it  were, 
of  a  large  gjain  of  another,  involves  of  course  chance  of  in- 
accuracy. As  with  the  Palisade  diabase  and  the  New  Hamp- 
shire syenyte,  there  arose  the  question  of  being  able  to 
always  distinguish  between  the  feldspars.       It  was  believed 

*J.  F.  Kbiip,  Granites  of  Southern  Rhode  Island,  with  Observa- 
tions on  Atlantic  Coast  Oranites  in  General.  Bu//  Geo/.  Soc.  Amer.^  Vol 
10.  1899.  p.  368. 
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unsafe  .to  undertake  to  do  this  with  the  microscope  so  they 
were  lumped  together  under  the  general  head  feldspar.  The 
different  species  were  separable  with  Thoulet's  solution,  so 
that  by  this  means  the  granite  was  separated  into  quartz, 
orthoclase.  oligiclase,  and  iron  ores ;  while  with  the  micro- 
scope alone  but  three  groups  could  be  made,  viz.,  quartz, 
feldspar,  ores. 

(a).  METHOD  BY  CHEMICAL  ANALYSIS. 

The  chemical  composition  of  the  Westerly  granite  as 

given  in  professor  Kemp's  article  follows: 

SiO* 73.05  per  cent. 

APO» 14.53  per  cent. 

Fe'0»     / 

pgQ       - 2.96  per  cent 

MnO  Trace. 

CaO 2.06  per  cent. 

MgO Trace. 

K-0 5.39  per  cent. 

Na-O 1 .  72  per  cent. 

H-'O 29  per  cent. 

100 . 00 
Calculation  of  the  standard  mineral  composition  by  the 
method  of  Cross-Iddings-Pirsson-Washington,  as  set  forth 
in  their  "Quantitative  Classification  of  Igneous  Rocks," 
from  this  analysis,  was  not  possible  in  all  desired  detail  be- 
cause the  two  oxides  of  iron  were  determined  together.  Al- 
though the  total  iron  is  not  high  and  in  this  individual  in- 
stance would  likely  make  little  difference  in  the  results 
whether  treated  as  all  Fe'O'  or  FeO,  the  fact  that  consider- 
able magnetite  was  present  as  well  as  lesser  proportions  of 
the  magnesium-iron-siHcates  made  it  seem  desirable  to  have 
a  new  analysis  in  which  the  two  oxides  of  iron  would  be 
separated.  It  is  alst)  especially  important  that  all  the  other 
tests  he  made  upon  the  identical  specimen  from  which  the 
sample  for  chemical  analysis  is  taken.  The  following  analy- 
sis was  made  by  the  writer,  under  the  helpful  guidance  of 
Dr.  n.  S.  Washington,  in  the  chemical  laboratory  of  the 
Department  of  Geology,  Columbia  University.  The  rarer 
elements  were  nc^t  determined  as  the  object  of  the  analysis 
<lid  not  require  them: 


Components  of  an  Igneous  Rock-^WUbams  37 

SIO* 72.26  per  cent 

AlHy 13.68  per  cent 

Pe*0* 2.97  per  cent. 

PeO 0.76  per  cent. 

MgO 0.084  per  cent. 

CaO 1.24  per  cenL 

NaH) ~ 2.18  per  cent 

K*0 6.69  per  cent 

H»0+ 0.67  per  cent 

IPO — 0.09  per  cent 


99.364 

Calculation  from  this  analysis  yields  the  following  ap- 
proximate mineral  composition: 

Quartz  36.90    percent      Biotite 0.266  percent 

Orthoclase   34.48    percent      Ikagnetite 2.606  percent 

Albite   18.74    percent      Hematite 1.10    percent 

Anorthlte 6.26    per  cent       H*0+  0.096  per  cent 

HK) —  0.677  percent  

Total 100.002  percent 

The  small  amount  of  biotite,  which  would  not  result 
directly  in  calculating  the  norm,  it  was  found  convenient 
to  bring  in  to  take  care  of  a  small  excess  of  alumina  and 
the  little  Mg^  that  appears  in  the  analysis.  Inspection  of 
these  results  shows. a  total  feldspar  percentage  of  5947  of 
which  24.99  is  plagioclase.  The  total  for  those  minerals, 
viz.,  biotite,  magnetite  and  hematite,  which,  in  both  micro- 
scopic and  heavy  solution  analysis,  are  grouped  as  ''iron 
ores,"  is  here  3.96  per  cent. 

(b).  HEAVY  SOLUTION  METHOD 

Thoulet's*  solution  was  used  in  the  present  experiments. 
It  IS  made  by  dissolving  in  cold  water  potassium  and  mer- 
curic iodide,  KI  and  HgF,  in  the  ratio  i :  i .  24.  This  gives 
a  clear  greenish-yellow  liquid,  the  depth  of  color  depending 
on  the  degree  of  concentration.  Moderate  heating  does 
not  affect  it,  so  that  its  density  can  be  increased  or  dimin- 
ished  to  any  desired  point. 

A  description  of  the  apparatus  employed  in  making 
separations  may  be  found  in  Rosenbusch's  work.t     The  one 

•For  details  reffardingr  this  solution,  see  H.  Rosenbusch's  Mikrosco- 
plsche  Physioflrraphie.  ed.  1892,  pp.  231-235;  and  tlie  English  Translation 
by  Iddinffs.  PP.  ldD*lflL 

I  (fSee  also  W.  J.  Sollas,  Contributions  to  a  Knowledge  of  the 
Oranites  of  lielnster.  Trans.  Royal  Irish  Acad,  Vol.  xxix.  pt.  xlv. 
p.    4S7. 
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made  use  of  in  tKis  instance  is  known  as  Brogger's  modifi- 
cation of  Harada's  apparatus.  It  consists  of  an  elongated 
pear-shaped  glass  vessel  closed  at  the  top  with  a  ground 
glass  stopper  and  provided  with  two  glass  cocks,  one  about 
midway  the  length  of  the  vessel  and  another  near  its  bottom 
end. 

Some  experiments  were  first  made  to  ascertain  the 
necessary  fineness  of  crushing  and  the  losses  in  fine  powder. 
By  carefully  crushing  in  a  steel  mortar  (not  pulverizing)  a 
small  sample  of  the  Palisade  diabase  to  pass  a  20-mesh  sieve, 
and  then  washing  out  the  fine  dust  that  would  float  indefin- 
itely in  water,  a  loss  of  nearly  four  per  cent  was  sustained. 
At  this  mesh  the  minerals  were  very  imperfectly  separated. 
Crushing  to  40-mesh  nearly  tripled  this  loss.  The  Red  Hiil 
syenyte  treated  in  the  same  manner  gave  a  loss  at  20-mesh 
of  but  two  per  cent.  While  at  40-mesh  this  was  increased 
to  quite  10  per  cent.  After  washing  out  the  flour,  an  anal- 
ysis of  the  20-mesh  rock  gave, — 84.75  P^r  cent  of  the  light 
colored  minerals,  orthoclase,  nephelite  and  sodalite,  and  15.25 
of  hornblende.  The  40-mesh  rock  gave, — 81 .35  of  the  light 
colored  minerals  and  18.65  ^^  hornblende.  These  figures 
would  indicate  a  more  than  proportional  loss  of  the  lighter 
constituents. 

Tt  was  found  that  with  the  Westerly  granite  a  fair  de- 
gree of  sc|)aration  was  accomplished  by  crushing  to  40-mesh,. 
without  a  loss  of  over  four  per  cent  in  fines.  This  was  pos- 
sible only  with  extreme  care  in  crushing  and  by  constant 
screening  of  the  crushed  material  from  the  mortar  without 
permittinj^:  any  considerable  portion  to  accumulate.  The 
rock  was  first  hammered  to  about  pea  size  and  only  a  few 
pieces  put  into  the  mortar  at  a  time.  After  screening  it  was 
washed  by  stirrinjj:  in  water,  allowing  to  stand,  then  decant- 
ing. 

Tn  the  present  experiments,  mineral  fragments  were 
used  for  indicators  and  were  obtained  from  the  granite  itself. 
A  few  grains  of  each  of  the  minerals  to  be  separated  were 
placed  in  the  solution  which  was  then  diluted  till  the  lighter 
rose  and  the  heavier  ones  sank.  If  the  specific  gravities  of 
the  two  were  near  to  each  other  the  point  of  separation 
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would  have  a  definite  position  which  could  not  be  varied. 
If,  however,  there  happen  to  be  a  considerable  range  be- 
tween whose  limits  the  pure  minerals  will  respectively  rise 
and  sink,  in  other  words,  between  the  specific  gravities  of 
the  two  minerals  in  question,  the  density  of  the  solution 
may  be  adjusted  to  any  position  within  these  limits  and  yet 
give  a  perfect  separation  if  the  minerals  are  pure  and  entirely 
apart  from  each  other.  That  they  are  never  entirely  freed 
from  one  another  in  breaking  up  a  crystalline  rock  need  not 
be  emphasized.  There  are  always  particles  of  one  clinging  to 
every  other  and  it  is  usually  impossible  to  say  whether  or 
not  more  of  one  clings  to  a  second  than  of  the  second  to  the 
first.  By  moving  the  density  of  the  solution  therefore  nearer 
that  of  one  mineral  than  of  another  to  be  separ£.ted  from  it, 
more  or  fewer  of  the  particles  composed  of  parts  of  each 
will  be  shifted  one  way  or  the  other  with  consequent  modi- 
fication of  results. 

The  only  feasible  plan  that  appears  to  avoid  some  of 
the  discrepancies  that  are  apt  to  arise  in  this  connection  is 
to  first  estimate  approximately  the  relative  proportions  of 
the  minerals  by  means  of  the  microscope,  or,  the  heavy  solu- 
tion itself.  Then,  assuming,  unless  accurate  data  can  be  ob- 
tained, that  equal  portions  of  the  minerals  cling  to  each 
other,  adjust  the  specific  gravity  of  the  heavy  solution  to  a 
position  between  the  extremes  determined  by  the  relative 
proportions  of  the  two  minerals  in  the  rock. 

This  same  factor  becomes  of  increasing  importance  in 
the  separation  of  minerals  whose  specific  gravities  are  very 
nearly  alike  if  by  any  outside  influence,  the  heat  of  the  body, 
or  a  draught  of  air,  the  density  of  the  solution  is  altered  ever 
so  slightly  during  a  separation.  Precautions  are  necessary 
to  maintain  surrounding  conditions  constant. 

The  facts  just  pointed  out  militate  against  the  scientific 
accuracy  of  the  heavy  solution  method  for  making  quantita- 
tive separations  of  mixtures  of  minerals.  Rosenbusch  sums 
up  the  reasons  why  the  method  cannot  be  accurate  in  the 
following  :* 

I.  The  impossibility  of  preparing  a  powder  which  shall 
consist  of  nothing  but  homogeneous  grains ; 

•iDDiKOB*  Translation,  190O,  p.  107.    O  erman  Edition,  p.  249. 
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2.  The  variation  in  the  specific  gravity  of  the  constit- 
uents ; 

3.  The  change  of  specific  gravity  which  minerals  ex- 
perience through  weathering,  decomposition  and  alteration. 

A  5-gram  sample  of  the  rock  was  found  to  work  well 
in  the  size  of  separator  used.  After  pouring  in  the  solution, 
wliose  density  was  first  adjusted  to  separate  the  feldspar  group 
from  the  remaining  heavy  minerals,  the  weighed  rock  sample 
was  added.  The  apparatus  was  thoroughly  shaken  and  al- 
lowed to  stand  until  a  separation  had  taken  place.  The 
floating  feldspars  were  then  poured  onto  a  filter,  washed, 
dried  and  weighed.  The  residue  was  likewise  removed  and 
kept  to  be  treated  later.  After  adjustment  of  the  density 
of  the  solution,  the  feldspars  were  parted  from  each  other 
and  weighed.  The  method  of  procedure  in  this  and  in  sepa- 
rating quartz  from  the  iron  minerals  was  precisely  as  out- 
lined above. 

Three  separate  analyses  of  the  granite  were  made.  The 
average  is  tabulated  in  the  summary  near  the  close  of  the 
paper. 

ORAPmC  ANALYSIS 

The  term  "graphic  analysis"  is  suggested  by  Dr.  A.  A. 
Julien*  as  a  general  heading  to  embrace  all  the  various  pro- 
cesses involved  in  estimating  mineral  composition  in  the  thin 
section.  Since  the  process  of  Delesse*  was  one  depending  on 
tracing  the  outlines  of  mineral  grains  on  the  polished  hand 
specimen,  this  it  would  seem  may  also  legitimately  be  in- 
cluded under  "graphic"  methods.  The  method  of  Jevon,  of 
direct  comparison  of  the  breadth  of  grains  by  applying  a 
scale  to  a  polished  face,  may  also  be  mentioned  here. 

(o)-  MEASUREMENT  OF  DIAMETER  OF  (iRAIXS. 

As  stated  at  the  opening  of  this  paper,  there  are  three 
different  processes  which  can  be  carried  out  by  means  of 

the  microscope  to  obtain  a  basis  for  estimating  the  mineral 
composition  of  igneous  rocks.  First,  the  average  diameters 
of  the  grains  of  the  different  minerals  may  be  found  by  meas- 
uring the  length  of  the  cross  section  in  thin  slices  of  the 

•Genesis  of  the  Amphibole  Schists  and   Serpentines     of    Manhattan 
Island,   New   York.      liuu.    Geo/.    SW,    Amer.,     Vol.    14,    p.   460. 

•  Proced6  Mecanique  pour  determiner  La  Comi>osition  des  Roches. 
Pans.  1866.  Annates  des  Mines,  (4).  Vol.  XIII.,  1848,  p.  379.  CompU  R§mdu 
Vol.   XXV,   1847.   p.  644. 
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rock.  This  is  accomplished  by  A.  Rosiwalt  by  successive  ap- 
plication of  an  eye-piece  micrometer  to  each  of  a  series  of 
lines  on  the  cover  glass  of  the  section.  The  width  of  each 
grain  crossed  by  the  line  is  recorded  in  micrometer  divisions 
from  which  the  relative  cross  sections  of  the  minerals  can  be 
deduced.  Uniformity  in  direction  or  any  specified  system  of 
drawing  these  lines  for  measurement  is  shown  by  Rosiwal 
to  be  unnecessary.  They  may  be  curved  or  irregularly 
drawn  over  the  section  so  long  as  the  stipulation  is  fulfilled 
that,  in  order  to  obtain  the  correct  relations  of  the  mineral 
constituents  in  a  rock,  a  distance  at  least  100  times  the  aver- 
age diameter  of  the  grains  must  be  covered.  For  a  uni- 
formly crystallized  rock  a  rectangular  network  of  lines  will 
answer.  Or,  two  or  more  series  of  parallel  lines  intersecting 
at  oblique  angles  give  equally  concordant  results. 

To  calculate  from  data  obtained  in  this  way  the  quanti- 
tative relations  of  the  minerals  it  is  assumed  by  Rosiwal 
that  these  measurements  represent  average  diameters  and 
that  the  ratio  between  them  is  the  same  as  between  volumes. 
Percentage  composition  is  thus  expressed  in  terms  of  the  vol- 
umes of  minerals.  (These  are  of  course  readily  transferable 
to  weight  percentages  by  multiplying  by  the  specific  gravi- 
ties of  the  minerals.) 

Dr.  Julien  has  since  called  attention  to  the  fact  that 
while  concordant  results  may  be  obtained  by  this  method, 
the  diameters  are  by  no  means  proportional  to  volumes 
whether  the  grains  are  conceived  as  cubical  or  spherical ; 
anithat  the  true  composition  can  be  based  only  on  the  cube 
of  the  diameter,  d,  in  the  case  of  generally  cubical  grains 
and  on  that  function  of  the  diameter  representing  volume. 
.523d^,  if  they  are  spherical.  In  granitoid  rocks  that  have 
not  suffered  from  shearing  or  other  dynamic  action,  the 
grains  may,  according  to  this  writer,  be  considered  as  pre- 
dominantly cubical  or  spherical  according  as  they  appear 
angular  or  have  rounded  outlines.  Under  this  assumption  it 
is  clear  the  only  true  expressions  for  volumes  are  d^  and 
.S236d'  as  stated. 


tUeber   greometrlsche   Gesteinsanalys  en.  ^VrA      HV>w    Geo/     Reichs- 

anstalt.     vol.   32,   1898.    pp.    143-175. 
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Now  it  is  very  apparent  that  if  expressed  in  terms  of  di- 
ameters the  percentage  proportions  will  be  very  different 
from  the  values  if  calculated  over  into  geometrical  volumes. 
This  disagreement  between  the  two  is  surprising,  and,  as  will 
be  illustrated  later,  is  so  far  from  what  might  at  first  be  an- 
ticipated, that  one  is  led  to  reflect  upon  the  validity  of  the 
first  fundamental  assumptions  in  the  measurement  of  d  and 
in  treating  the  grains  as  cubes  or  spheres.  Granting,  how- 
ever, for  the  moment  that  this  last  assumption  of  the  cubic 
or  spheric  form  is  permissible,  we  may  ask  whether  it  is  safe 
to  say  that  the  average  dimension  of  a  large  number  of 
cubes,  promiscuously  packed  together  will  be  the  length  of 
one  edge  of  a  cube  of  average  volume.  It  seems  fully  as 
probable  that  it  may  represent  an  average  diagonal  or  per- 
haps more  likely  still  a  value  intermediate  between  these 
limits ;  but  it  may  be  greater  or  less  than  the  length  of  the 
edge  of  a  cube.  Volumes  calculated  on  this  basis  would  be 
misleading.  On  the  supposition  of  spherical  bodies,  d  is 
taken  as  the  width  of  the  greatest  section  it  is  possible  to 
get  in  slicing  a  sphere. 

Even  though  the  absolute  volumes  may  not  be  correct 
using  d  as  indicated,  relative  volumes  as  expressed  in  per- 
centages may  nevertheless  give  as  significant  results  as  if  the 
actual  value  of  d  were  known.  It  appears  therefore  that  if 
the  conception  of  these  geometric  bodies  were  a  correct  one 
the  above  absolute  errors  would  enter ;  but  it  is  believed  that 
they  would  not  be  of  sufficient  magnitude  to  alter  the  gen- 
eral conchisions  to  any  great  extent. 

The  question  of  doubt  returns  then  to  the  permissibil- 
ity of  assuming  cubical  or  spherical  shape  for  the  grains  of 
any  crystalline  igneous  rock.  While  in  instances,  as  some 
granites,  the  angular  boundaries  of  the  predominant  mineral 
may  be  evident  and  its  form  could  be  considered  roughly  cu- 
bical, those  secondary  in  quantity  may  be  rounded  or  irreg- 
ular. Should  the  prevailing  mineral  possess  a  generally 
rounded  form  and  be  fairly  uniform  in  size,  those  constitu- 
ents which  fill  the  interstices  certainlv  would  not  be  correctlv 
estimated  by  use  of  the  formula  for  the  sphere.  These  sim- 
ple cases  are  far  less  common  than  the  many  in  which  no  two  '^ 
types  of  minerals  are  similar  in  shape  nor  the  grains  of  any 
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one  nearly  uniform  in  size.  This  fact  cannot  but  be  empha- 
sized by  examining  a  thin  section  of  almost  any  granular 
rock. 

To  carry  out  this  system  of  measurement  Rosiwal  rec- 
ommends that  the  section  be  very  thin,  as  nearly  a  plane  as 
possible.  A  number  of  sections  should  be  examined  to  ob- 
tain a  representative  average.  It  is  also  desirable  to  have 
the  sections  as  large  as  can  be  conveniently  made.  In  the 
present  study,  series  of  fine  ink  lines  were  drawn  on  the 
cover  glass  to  use  as  indicatrices.  The  average  percentage 
composition  calculated  from  the  data  obtained  in  a  study  of 
three  thin  sections  is  included  in  the  summarv  table.  From 
the  calculated  composition  the  variety  of  plagioclase  falls  in 
the  oligoclase  group,  about  Ab^  An^.  This  identification  is 
corroborated  by  the  microscope.  The  typical  specific  gravi- 
ties of  the  minerals  are  then  employed  for  transferring  to 
weight  percentages,  viz.,  quartz,  2.65,  orthoclase,  2.56,  oligo- 
clase, 2.64,  and  for  the  iron  ores,  5.25,  that  of  magnetite. 

The  next  method  mentioned  in  the  introductory  outline 

IS  the  measurement  of  the  areas  of  the  mineral  grains  in  thin 

sections.     This  may  be  done  in  three  ways,     (i)  drawing  the 

outlines  of  the  grains  with  the  aid  of  the  camera  lucida. 

As  used  by  W.  J.  Sollas*,  this  method    is    the    application 
of  the  Delesse  process  with  the  micrcfscope. 

(c).  PHOTOGRAPHING  AND  CUTTING  OTrT  AREAS  OF  GRAINS. 

(2)  Making  photomicrographs  of  several  fields  in  the 
slide,  dissecting  prints  thus  obtained,  then  weighing  the 
pieces  of  paper  representing  the  areas  of  the  constituent 
minerals.  Photomicrographs  were  made  of  six  successive 
fields  from  one  large  rock  section.  Although  the  magnify- 
ing power  of  the  objective  used  was  but  medium  so  as  to 
avoid  distortion  and  also  to  include  as  large  an  area  as  pos- 
sible, the  focusing  distance  above  the  eye-piece  was  adjusted 
so  as  to  get  an  image  approximately  420  times  the  actual 
size.  The  Nicols  were  set  at  such  an  angle  to  each  other 
that  the  contrast  in  coloration  was  strong  enough  to  defi- 
nitely outline  the  grains  and  yet  not  enough  to  seriously 


♦Contribution  to  a  Knowledge  of  th  e  Granites  of  Leinster,    Tran^ 
^ffrai    Irish    Acad.      Vol.    XXIX,   pt.    XIV,  p.    471. 
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darken  the  field.  In  a  few  instances  it  was  necessary  to 
refer  to  the  section  to  establish  the  identity  of  certain  grains 
in  the  prints.  The  various  minerals  in  each  of  the  six 
prints  were  trimmed  apart  and  weiglied.  These  weights, 
following  the  methods  of  Delesse  and  Sollas,  were  assumed 
proportional  to  the  areas  and  hence  to  the  volumes  of  the 
minerals,  and  the  percentage  composition  computed  as  be- 
fore. The  average  composition  of  the  six  fields  by  weight 
"is  included  in  the  table. 

(3)    MICBOSCOPIC  MEASUREMENT  OF  AREAS  OF  GRAINS. 

The  third  process  mentioned  consists  in  directly  measur- 
ing  the  area  of  each  grain  of  the  minerals  of  a  section  with 
the  microscope.  This  is  done  by  the  application  of  an  C3rc- 
piece  micrometer  which  is  cross  ruled  into  numerous  small 
squares.  The  number  of  these  squares  coming  within  the 
boundaries  of  each  grain  in  a  field  is  counted.  The  areal 
proportions  of  the  cross  sections  of  the  minerals  arc  thus 
obtained.  The  fields  for  measurement  are  to  be  contiguous 
and  taken  in  regular  order  in  a  given  direction  across  the  sec- 
tion ;  the  slide  being  moved  by  means  of  a  mechanical  stage 
successively  the  width  of  a  field  as  each  is  measured. 

The  data  given  below  were  obtained  with  fields  of  4 
millimetres  actual  diameter,  and  a  magnification  of  30.  The 
basis  of  the  calculations  is  here  again  the  assumption  that 
the  average  cross  section  area  is  proportional  to  volumes. 
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In  this  array  of  results  for  the  mineral  analysis  of  a  sin- 
gle rock,  the  most  striking  comparison  is,  perhaps,  between 
the  heavy  solution  and  chemical  analysis  as  one  group,  and 
the  microscopic  methods  as  a  group  by  themselves.    The  re- 
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suits  obtained  by  Thoulet's  solution  and  by  calculation  from 
tlie  chemical  composition  agree  in  a  general  way  and  their 
being  the  only  ones  based  primarily  on  specific  gravity  makes 
their  accordance  a  strongly  significant  fact  in  considering 
which  of  the  methods  most  nearly  approximates  the  truth. 
The  chemical  analysis  of  a  comparatively  simple  rock  whose 
minerals  components  are  of  definite  molecular  proportions 
cannot  but  give  a  close  indication  of  the  actual  or  'modal' 
composition.  It  is  of  course  more  significant  if,  as  with 
the  rock  in  hand,  certain  of  the  elements  determined  in  the 
chemical  analysis  are  limited  to  a  single  mineral.  For  ex- 
ample, potash  occurs  in  orthoclase  only  and  since  the  ortho- 
close  molecule  is  a  fixed  one,  this  oxide,  K^O.,  determines 
beyond  question  the  percentage  of  orthoclase  in  the  rock. 
When  one  or  more  of  the  chemical  constituents  are  to  be 
apportioned  among  two  or  more  minerals,  and  especially 
when  these  minerals  are  not  of  fixed  composition,  the  accu- 
racy of  the  results  becomes  less. 

The  Westerly  granite  represents  a  fairly  simple  type  of 
composition  and  its  calculated  mineral  analysis  may  be 
taken  therefore  as  being  correspondingly  accurate.  The 
general  agreement  of  the  heavy  solution  analysis  with  the 
calculated  composition  certainly  suggests  an  approach  to  the 
truth,  despite  the  unavoidable  irregularities  attending  the  use 
of  the  former. 

Of  the  microscopic,  it  is  difficult  to  say  which  method 
will  ordinarily  furnish  results  of  the  greatest  value.  The  use 
of  photography  eliminates  to  a  degree  the  personal  factor 
and  may  perhaps  often  be  employed  advantageously.  It  is 
needless  to  call  attention  further  to  the  inconsistency  of  cal- 
culating percentage  composition  by  using  d^  when  d  is  the 
measured  width  of  the  mineral  grains  as  they  appear  in 
thin  section. 

The  closest  agreement  of  any  two  members  of  the  table 
is  noted  between  the  direct  measurement  of  d  and  of  area. 
Were  the  second  calculated  from  the  first  by  squaring  the 
values  found  for  d  and  reducing  to  100  per  cent,  the  differ- 
ence would  be  far  greater,  which  may  be  taken  as  indicating 
that  the  d  measured  cannot  be  safely  assumed  as  the  first 
dimension  of  a  cube  v  and  therefore,  which  is  evident,  that 
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the  areas  measured  are  not  d^  but  quite  different  in  the  rock 
under  consideration. 

The  results  of  this  brief  study  as  to  the  efficiency  of  the 
methods  employed  cannot  be  offered  as  conclusive.  They 
are  such,  however,  as  to  emphasize  the  various  phases  of 
these  methods  and  to  indicate  in  a  general  way  their  lim- 
itations. 

Calculation  of  the  mineral  composition  from  the  chem- 
ical analysis  affords  a  means  of  classification  of  rocks  and, 
in  the  case  of  holocrystalline  rocks,  of  expressing  more  or 
less  accurately  their  actual  quantitative  mineral  constitution. 

Heavy  solutions  are  a  convenient  and  readily  applicable 
means  of  separating  the  minerals  of  a  rock  and  may  be 
valuable  in  determining  quantitative  relations  acording  to  the 
state  of  aggregation  of  these  minerals  and  the  range  of  spe- 
cific grvaity  represented.  The  accuracy  of  the  results  will 
be  directly  proportional  to  the  coarseness  of  grain  and  the 
readiness  with  which  the  minerals  can  be  separated.  .  The 
recessary  fineness  of  comminution  and  consequent  loss  as 
dust  depend  on  the  latter  condition.  The  time  required  to 
iiiai'o  a  separation  of  a  rock  bearing  the  average  number  of 
iinjxjrtant  minerals  is  but  a  small  fraction  of  that  needed  for 
a  chemical  analysis. 

Any  one  of  the  direct  measurements  with  the  micro- 
scoi)r  does  not  appear  to  fulfill  even  approximately  the 
lic'oc'ssary  conditions  for  a  statement  of  the  complete  quanti- 
tative composition  of  an  igneous  rock  such  as  granite.  They 
are  easily  applied,  however,  and  may  serve  an  excellent  pur- 
pose in  giving  an  idea  of  the  comparative  abundance  of  the 
•constituents  of  a  rock  whether  granitoid  or  porphyritic.  But 
as  a  basis  for  estimating  the  weight,  or  even  volume  compo- 
sition, ihe  present  study  has  shown  none  of  them  to  be  all 
that  could  be  desired. 


THE   ORIGIN    OF   BITUMEN* 
By  W.  C    Mokoan.  In«trurtor  in  Chemiatry,  U    C,  Berkeley,  Cal. 

From  the  early  decades  of  the  last  century  when  the 
first  chemical  investigations  were  undertaken  in  this  direc- 

•Reprlnted  from  the  California  Journal  of  Teohnoloflry*   Berkeley,   Cal. 
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tion,  hardly  any  scientific  question  has  been  debated  mqre 
vigorously  than  that  as  to  the  origin  of  bitumens.  Now 
that  the  industry  has  assumed  such  commercial  importance 
the  interest  has  not  lessened.  Natural  g^s,  liquid  petroleum 
and  solid  asphalt  are  universally  admitted  to  have  been  de- 
rived from  a  common  source,  their  existence  in  these  varied 
forms  to-day  being  due  partly  to  a  process  of  natural  separa- 
tion based  on  different  degrees  of  volatility  and  specific  grav- 
ity, and  partly  due  to  chemical  changes  wrought  by  water, 
air,  heat  and  pressure.  While  each  of  these  substances  was 
formerly  thought  to  be  of  fairly  simple  composition,  extend- 
ed investigation  has  demonstrated  that  each  is  in  reality  a 
very  complex  mixture  of  many  individual  compounds  often 
of  widely  different  chemical  nature. 

The  various  theories  that  have  been  put  forth  to  explain 
their  origin  may  be  conveniently  classed  as  mineral,  veget- 
able and  animal,  since  in  each  of  these  "three  kingdoms"  it  is 
believed  that  a  sufficient  cause  may  be  found. 

Berthellot  first  started  the  mineral  theory  by  announc- 
ing the  possibility  of  deriving  certain  constituents  of  natural 
gas  and  oil  by  the  action  of  steam  and  carbon  dioxide  on 
various  metals  hypothetically  existing  in  the  interior  of  the 
earth.  This  hypothesis  was  later  elaborated  by  Mendeleeff 
and  Moissan  and  made  to  include  carbides  of  various  metals- 
which,  according  to  the  nebular  hypothesis,  must  have  been 
a  very  characteristic  class  of  compounds  at  one  stage  of  the 
earth's  cooling  process.  Although  these  carbides  are  found 
nowhere  in  the  earth  to-dav,  their  existence  in  meteorites 
in  small  quantities  is  supposed  to  give  support  to  the  theory 
and  the  laboratory  production  by  this  means  of  gaseous  and 
oily  products  that  will  burn  demonstrated  this  possibility  as 
suggestively  as  does  the  generation  of  acetylene  from  cal- 
cium carbide.  The  fact  that  the  natural  products  have  quite 
a  different  chemical  nature  from  the  artificial  product  is  ac- 
counted for  as  a  modification  due  to  ages  of  "storing  away" 
in  the  earth's  crust. 

The  possibility  of  such  an  origin  cannot  be  denied.  Its 
probability  is  not  great.  It  is  not  a  question  of  what  migfht 
have  happened  but  of  what  has  actually  taken  place  that 
primarily  interests  investigators  in  this  field,  and  scarcelv  a 
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.scientist  familiar  with  the  question  from  a  geological  as 
well  as  the  chemical  side  can  be  found  to  support  this 
theory. 

The  almost  universal  association  of  bitumen  with  ani- 
mal and  vegetable  remains  has  led  to  the  assumption  of 
such  material  as  the  source  from  which  it  has  been  derived. 
For  many  years  the  adherents  of  these  two  theories  main- 
tained  mutually  exclusive  positions,  but  wider  investigation 
of  the  natural  deposits  seems  to  indicate  on  the  one  hand 
that  bitumen  has  been  formed  from  both  of  these  sources 
and  deeper  investigations  into  the  nature  of  animal  and 
vegetable  tissue  have  shown  them  to  be  very  closely  analo- 
gous. Hence  a  fusion  of  these  two  views  has  taken  place 
in  what  is  known  as  the  theory  of  organic  origin. 

\'arious  experiments  have  been  made  in  the  labora- 
tory or  factory  with  the  idea  of  obtaining  support  for  these 
theories  or  in  the  hope  that  a  cheap  method  of  manufac- 
turing petroleum  might  be  discovered.  About  the  middle 
of  the  century  Warren  made  a  soap  out  of  fish  oil  by  "heat- 
ing it  with  lime  in  a  manner  entirely  analogous  to  the  way 
in  which  fat  is  boiled  with  potash  or  soda  lye  in  making  or- 
dinary soap.  By  distilling  this  soap  under  pressure  he  ob- 
tained an  oil  containing  the  same  kinds  of  bodies  as  are 
found  in  Pennsylvania  petroleum.  Later  Engler  distilled 
the  fish  oil  itself  and  obtained  a  ''light  distillate**  that  could 
not  be  (liflFcrentiated  from  a  similar  "light  fraction"  from 
natural  oils.  Some  of  this  product  was  actually  sold  on  the 
market.  From  linseed  oil  similarly  treated  Sadtler  obtained 
a  mixture  of  hydrocarbons  which,  on  distillation,  gave  a 
light  oil  similar  to  I  Pennsylvania  oil  and  left  behind  a 
vaseline  residue  containing  paraffine.  Further  Day  pre- 
pared asphalt-like  material  by  distilling  wood  chips,  herring 
or  a  mixture  of  both  and  "cracking'*  the  distillate  at  high 
temperatures.  Thus  it  is  apparent  that  the  results  of  ex- 
perimentation support  any  theory  and  the  artificial  produc- 
tion indicates  only  the  possibilities  and  not  necessarily  the 
realities  as  to  the  origin  of  bitumens. 

Furthermore  every  case  of  artificial  production  of 
bituminous  matter,  whether  from  animal,  vegetable  or  min- 
eral material  has  reciuired  a  temperature  much  beyond  the 
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ordinary  condition.  An  examination  of  the  natural  deposits, 
however,  generally  indicates  the  improbability  of  a  pre- 
viously highly  heated  state  and  in  some  instances  even  the 
impossibility  of  such  a  condition.  We  cannot  assume  the 
existence  of  conditions  generally  prevalent  within  the  earth 
which  may  be  considered  to  duplicate  those  required  in  the 
artificial  production  of  bitumens.  Quite  the  contrary  the 
burden  of  proof  rests  upon  him  that  would  maintain  that 
the  laboratory  apparatus  and  its  conditions  are  not  in  all 
probability  extremely  unlike  natural  conditions. 

Under  these  circumstances  much  time  and  thought 
have  been  expended  in  the  endeavor  to  ascertain  whether 
unquestioned  evidence  could  not  be  obtained  to  show  from 
what  kind  of  matter  natural  deposits  have  been  derived. 
Hence  many  natural  deposits  have  been  carefully  studied, 
and  while  many  things  point  to  one  origin  or  another,  the 
evidence  can  hardlv  be  considered  as  conclusive.  Thus 
Wall  pronounced  the  celebrated  "pitch  lake*'  of  Trinidad  to 
be  of  vegetable  origin  because  of  remains  of  vegetation  in 
all  stages  of  change  present  in  the  pitch.  Jones  found  in 
the  same  pitch  unquestionable  animal  remains;  hence  such 
an  origin  is  at  least  not  improbable.  Later  Richardson 
examined  the  "lake*'  and  concluded  that  it  was  of  inorganic 
origin. 

Fraas  observed  petroleum  oozing  from  a  coral  reef  in 
the  Red  Sea  and  concluded  that  the  coral  polyps  are  to- 
day being  changed  into  bitumen.  Binney  noticed  the  same 
phenomenon  about  a  peat  bog  in  England  and  concluded 
that  the  peat  is  being  decomposed  at  the  present  time  into 
petroleum.  Both  of  these  are  isolated  instances.  No  other 
known  coral  reefs  or  peat  bogs  show  evidence  of  similar 
changes  although  conditions  seem  to  be  identical.  Neither 
occurrence  was  thoroughly  studied  to  ascertain  what  evi- 
dence migTit  be  found  indicating  another  origin. 

The  occurrence  of  bitumen  in  fossils  has  hitherto  been 
of  no  value  as  a  means  of  furnishing  direct  evidence  as  to  its 
origin  inasmuch  as  investigation  proves  that  the  bitumen 
need  not,  and  often  could  not,  have  been  derived  from  the 
organism  with  the  remains  of  which  it  is  to-day  associated 
The  discovery  of  a  fossil  ^g'g,  partly  filled  with  asphalt,  in 
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which  all  evidence  points  unequivocally  to  the  fact  that  the 
asphalt  has  been  derived  from  the  natural  contents  of  the 
cgg>  is  considered  of  scientific  value  inasmuch  as  it  is  the 
first  case  in  which  the  kind  of  material  from  which  bitu- 
minous matter  has  actually  been  formed  can  be  definitely 
proven.  Since  an  tgg  contains  in  concentrated  form  mate- 
rial like  that  constituting  animal  tissue,  the  actual  deriva- 
tion of  bitumen  from  animal  remains  is  thus  proven.  More- 
over everything  about  this  specimen  indicates  strongly  that 
it  has  never  been  much  higher  than  ordinary  temperature, 

hence  natural  conditions  are  thus  demonstrated  to  be  suf- 
ficient to  transform  animal  matter  irtto  bitumen  during 
long  periods  of  time  without  the  aid  of  heat.  This  discov- 
ery does  not  necessarily  mean,  however,  that  some  petro- 
leums have  not  been  derived  from  other  than  animal  sources. 


DEVELOPMENT  AND  MORPHOLOGY  OF   FENE8TELLA.* 

Edoar  Roscos  Ouminos,    BloomiiigtOD,  Ind. 

Thin  sections  and  serial  sections  of  exceptionally  well- 
preserved  bases  of  Fcnesiella  (Semicoscininm  of  authors)  from 
the  Hamilton  of  Thedford,  Ontario,  show  the  exact  size  and 
shape  of  the  primary  zocjecium  {proioeciuni)  and  the  morph- 
ology and  orientation  of  the  primary  buds.  The  protoecium 
consists  of  an  elongate  tubular  zocecium  with  a  very  large 
basal  disc.  Tt  is  without  hemisepta.  Morphologically  it  is 
strictly  comparable  to  the  prot(ecium  of  Cyclostomata  (of 
iubulipora,  chenopora  &c.)  The  two  primary  buds  arise 
from  the  dorsal  face  of  the  prot<ecium  ,usually  just  above  the 
basal  disc,  and  are  very  symmetrically  orientated  with  refer- 
ence to  the  (lorso-ventral  plane.  They  are  of  about  the  same 
shape  as  the  prot<eciinn  and  somewhat  smaller.  Each  of 
these  buds  i)ro(luces  a  single  bud  in  the  first  tier,  and  an  ad- 
ditional bud  arising  from  one  of  the  latter  completes  the  first 
tier  of  buds — six  zo(ecia  including  the  protciecium.  Zooecia 
of  the  shape  characteristic  of  the  adult    Fcnesiella  colony  do 
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not  appear  till  the  colony,  begins  to  branch.  Hemisepta  have 
not  been  seen  in  any  of  the  earlier  zooecia.  These  studies 
seem  to  definitely  relate  FenesUlla  genetically  to  the  Cyclos- 
tomata.  The  Cyclostomata  are  therefore  the  ancestors  of 
the  Cryptostomata  and  through  them  of  the  Chilostomata. 


PLEISTOCENE   HISTORY  OF  FISHERS   ISLAND,  N.  Y.* 

Mtbon  L.  Fullvb,  Washington.  D.  C. 

Fishers  island,  which  is  located  several  miles  southeast 
of  New  London,  Connecticut,  is  not,  as  has  been  previously 
supposed,  a  simple  morainal  island.     On  the  contrary  the 
morainal  deposits  of  the  last,  or  Wisconsin,  ice  invasion,  are 
generally  only  a  very  few  feet  in  thickness,  the  great  mass 
of  the  island  being  made  up  of    material    deposited  during 
earlier  ice  advances  or  interglacial  stages.     The  oldest  for- 
mation definitely  recognized  on  the  island  is  the  thick  bed  of 
clay  which  is  well  exposed  at  the  big  clay  pit.     This  merges 
upward  without  unconformity  into  a  series  of  sands  and  fine 
gravels,  the  whole  being  later  thrust  up  into  folds  of  consid- 
erable hight.     The  folded  deposits  were  subsequently  deeply 
eroded,  but  were  covered  again  up  to  a  certain  altitude  by 
horizontal  sands  and  gravels  deposited  during  a  later  ice  in- 
vasion.    These  were  in  turn  eroded  by  streams  before  the  ad- 
vent of  the  last  ice  sheet,  which  left  a  thin  mantle  of  till  and 
otherwise   slightly   modified  the   surface   at   certain   points. 
The  various  formations  are  correlated  with  similar  beds  on 
Long  island  on  the  west,  and  on  Block,  Marthas  Vineyard 
and  Nantucket  islands  on  the  east.     The  clay  and  the  over- 
lying conformable  sands  are  assigned  to  the  Yarmouth  inter- 
glacial stage,  the  folding  to  the  Illinoian,  and  the  horizontal 
(Tisbury)  sands  to  the  lowan  glacial  stage. 

•  Abstract  of  a  paper  read  at  the    Philadelphia  meeting.    G.    S.     A.. 
Dec..  1904. 
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SOME  DRAINAGE  FEATURES  OF  SOUTHERN  CENTRAL  N.  Y.^ 

R   8.  Tarr,  Ithaca,  N.  T. 

In  many  instances  along  the  divide  between  the  Susque- 
hanna and  St.  Lawrence  drainage  systems  there  is  a  condition 
of  lowered  divides,  across  some  of  which,  as  in  the  Tiough- 
nioga  valley,  cast  of  Cortland,  and  the  Cayuta  creek  valley, 
west  and  south  of  Van  Etten,  the  present  drainage  passes. 
Three  theories  are  discussed  to  account  for  these  phenomena, 
glacial  erosion ;  erosion  by  ice  fed  stream ;  and  headwater 
erosion  during  rejuvenation.  Evidence  from  valley  form, 
glacial  deposits,  and  hanging  tributary  valleys  is  presented 
to  prove  that  these  drainage  features  are  in  many  cases,  if 
not  in  all,  due  to  changes  of  earlier  date  than  the  advance 
of  the  Wisconsin  ice  sheet.  While  the  influence  of  possible 
earlier  ice  advances,  of  which  no  evidence  has  been  found  in 
this  region,  is  not  eliminated,  the  facts  so  far  discovered  favor 
the  hypothesis  of  rejuvenation  rather  than  of  glacial  action 
during  earlier  ice  advance. 


MOUNTAIN   GROWTH   AND   MOUNTAIN   STRUCTURE.* 

Bailbt  Willis,  WanhinfirtoD,  D.  C. 

Tlie  study  of  peneplains  at  various  altitudes  with  refer- 
ence to  sea  level  in  Xorth  America  and  Eurasia,  demon- 
strates that  elevations  of  the  earth's  surface  have  resulted 
from  deformation  which  occasioned  Avarping  of  previously 
planed  surfaces.  Observations  of  the  effects  of  erosion  in 
the  elevated  masses  show  that  the  process  has  in  general  been 
a  recent  one,  post-Mesozoic,  and  has  justified  Powell's  gen- 
eralization that  mountains  are  youthful  features  of  the  earth. 

The  study  of  the  mechanics,  physics,  and  chemistry  of 
rock  deformation  has  shown  that  the  structures  discovered 
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in  mountain  masses  are  such  as  develop  only  under  consid- 
erable load  of  rock,  and  consequently  at  notable  depths  in  the 
earth's  mass. 

A  comparison  of  the  relative  positions  of  peneplains  and 
depth  of  structure  leads  to  the  conclusion  that  the  mountain 
masses  must  have  been  more  deeply  buried  at  the  time  of 
development  of  the  structure  than  they  can  have  been  since 
the  date  of  peneplanation.  Consequently,  between  the  de- 
formation which  resulted  in  the  structure  and  the  accomplish- 
ment of  peneplanation  there  must  have  elapsed  a  period  of 
erosion  of  greater  or  less  time. 

It  follows  that  modern  mountains  are  not  the  effects  of 
those  forces  which  produced  the  structures.  This  conclusion 
cuts  at  the  foundation  of  the  older  systems  of  classification 
of  mountains. 


REVIEW  OF  RECENT  GEOLOGICAL 

UTERATURE. 


Indiana   Department    of  Geology   and   Natural  Resources.    Twenty- 
Eighth  Annual  Report.    W.  S.  Blatchley,  State  Geologist,    1903. 

This  volume  maintains  the  high  standard  set  by  former  reports 
issued  by  Mr.  Blatchley.  The  geological  map  which  accompanies 
it  is  a  notable  addition  to  Indiana  geology  and  is  worthy  of  all 
praise.  For  the  first  time,  Indiana  has  a  geological  map  worthy 
of  the  name. 

The  report  contains  the  following  chapters:  The  Greologlcal 
Map  of  Indiana,  by  T.  C.  Hopkins;  A  short  description  of  the  Topo- 
graphy of  Indiana,  and  of  the  rocks  of  the  different  geological 
periods  of  the  state,  by  T.  C.  Hopkins  and  A.  F.  Foerste ;  The  Petro- 
leum industry  of  Indiana  in  1903,  by  W.  S.  Blatchley;  The  Lime 
industry  of  Indiana  in  1903,  by  W.  S.  Blatchley;  Report  of  the  state 
mine  inspector  for  1903,  by  James  Epperson;  Report  of  the  state 
gas  supervisor  for  1903,  by  B.  A.  Kinney;  A  Physiographic  and 
Ek:ological  study  of  Winona  lake  region,  by  W.  M.  Mills ;  The  Strati- 
graphy and  Paleontology  of  the  Niagara  of  northern  Indiana,  by 
E.  M.  Kindle;  Contents  of  and  Index  to  volumes  I.  to  XXVIII.  of  the 
reports  of  the  Indiana  Geological  Survey,  by  T.  C.  Hopkins. 

The  detailed  field-work  for  the  geological  map  has  all  been  done 
during  the  incumbency  of  Mr.  Blatchley  and  is  in  the  main  of  a 
high  order  of  accuracy.  Future  studies  will  make  some  changes 
in  the  Knobstone-Harrodsburgh  boundary    and     several    outlying 
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areas  of  Silurian  rocks  in  the  southeastern  counties  have  yet  to  be 
delineated.  The  nomenclature  of  formations  as  it  appears  on  the 
map  and  in  recent  Indiana  reports  is  open  to  some  criticism.  The 
term  Bedford  is  objectionable  for  reasons  pointed  out  by  the 
reviewer  and  others  several  years  ago.  At  that  time  the  term 
Salem  limestone  was  suggested  for  the  formation  and  was  subse- 
quently sanctioned  by  the  U.  S.  Geological  Survey  in  preference  to 
Bedford  on  substantially  the  grounds  urged  by  the  reviewer  that 
Bedford  is  the  name  of  a  well  known,  well  charcterized,  and  widely 
distributed  formation  in  Ohio.  Notwithstanding  these  patent  facts,  * 
the  Indiana  survey  has  retained  the  term  Bedford  and  introduced  a 
still  more  objectionable  duplication  of  names  in  the  term  "Huron 
formation"  applied  to  rocks  formerly  known  as  Kaskaskia.  This 
use  of  the  term  Huron  is  due  to  Messrs.  Hopkins  and  Ashley.  The 
Huron,  again,  is  a  name  long  used  by  Ohio  and  Michigan  geologists 
for  a  Devonian  formation  much  better  characterized  in  every  way 
than  the  Indiana  formation  in  question.  It  was  proposed  by  Win- 
chell  in  the  First  Biennial  Report  of  the  Michigan  Geological  Sur- 
vey in  18G1.  Only  confusion  can  result  from  such  duplication  of 
names. 

In  the  discussion  of  the  Ordovician  stratigraphy  the  reviewer 
notes  that  Mr.  Foerste  employs  several  of  the  faunal  designations 
of  the  sub-divisions  of  the  Ordovician  of  Indiana,  proposed  by  him 
in  1899,  namely  Dalmanella  multisecta  zone  for  the  Utica,  Ra6nes- 
quina  alternata  zone  for  the  upper  Lorraine  and  Dalmanella  meeki 
zone  {D.  jugosa  of  Foerste)  for  the  lower  Richmond.  These  fau- 
nal designations  are  eminently  proper  and  much  more  workable 
than  the  Bryozoan  zones  proposed  by  Nickles.  The  difficulty  of 
identifying  the  Trepostomata  in  the  field  will  always  render  them 
of  limited  value  to  the  stratigrapher.  Any  faunal  designation  of  the 
divisions  of  the  middle  and  upper  Richmond  at  the  present  time  is 
premature  owing  to  the  small  amount  of  detailed  study  that  has 
been  bestowed  upon  this  interesting  series  of  rocks.  The  faunules 
of  the  Richmond  seem  to  be  of  much  more  limited  distribution  than 
those  of  the  TUica  and   Lorraine. 

In  the  chapter  on  petroleum  Mr.  Blatchley  again  calls  atten- 
tion to  the  many  erroneous  notions  current  among  drillers  and  in- 
vestors in  regard  to  the  occurrence  and  supply  of  petroleum. 

A  noteworthy  contribution  to  Indiana  paleontology  is  Dr.  Kin- 
die's  careful  analysis  of  the  faunas  of  the  Niagara  of  northern  In- 
diana. This  paper  is  illustrated  by  excellent  figures  of  the  species 
considered.  The  author  also  describes  the  quaquaversal  dips  of  the 
Niagara  rocks  of  the  northern  area,  and  concludes  that  they  have 
been  produced  in  a  way  similar  to  the  formation  of  mud  lumps  In 
the  Mississippi  delta,  as  recently  described  by  Harris. 

£.    fv.    c 
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The  Geology  of  the  San  Jos€  District,    Tamaulipas,  Mezica  By  Gbo. 

1.  FiNLAY.       (Contributions  from  the  Geological  Department  of 

Columbia  University,  vol.  xi.  No.  100.) 

In  December  of  1901,  Mr.  Finlay  went  to  San  Jos6,  Mexico,  for 
the  purpose  of  studying  the  copper  ore  and  eruptive  rocks  of  that 
district;  this  paper  gives  the  result  of  his  Investigations  of  the 
eruptives. 

The  town  of  San  Jos6  lies  in  a  spacious  amphitheatre  which 
is  enclosed  on  three  sides,  the  noith,  east  and  west,  by  limestone 
mountains.  Between  these  mountains  the  drainage  of  the  valley 
finds  an  outlet  to  the  north  and  east.  The  hight  of  the  peaks  varies 
from  3,000  to  3,500  which  is  about  1.000  feet  above  the  valley  level. 
The  Baril  range  closes  the  vahey  on  the  south  and  forms  a  divide 
between  the  San  Jos6  valley  and  that  of  the  Arroyo  Grande  to  the 
south. 

The  valley  climate  approaches  aridity;  the  rain  supply  of  the 
year  is  concentrated  in  one  or  two  weeks  and  finds  its  way  to  the 
streams  at  once,  and  with  little  diminution  from  ground  storage, 
converting  them  into  torrents  and  intensifying  corrasion.  V-shaped 
valleys  and  steep  slopes  result  from  these  climatic  conditions. 

The  stratigraphic  relations  of  the  rock  formations  are  as  fol- 
lows: Underlying  the  town  of  San  Jos6  and  surrounding 
district  is  a  laccolitic  mass  of  andesyte  which  has  intruded 
into  limestone  and  shale  on  the  north,  east  and  west,  and 
into  nephelite  syenyte  to  the  south.  The  limestone  cover  has  been 
almost  wholly  removed  by  erosion  but  the  quaquaversal  dip  of  the 
sedimentary  rock  indicates  the  laccolitic  character  of  the  igneous 
mass.  At  a  short  distance  from  the  contact  the  limestone  is  hori- 
zontal and  there  the  result  of  the  intrusive  action  is  recorded  by 
pressure  effects  on  the  shaly  member  of  the  formation.  The  nephe- 
lite-syenyte  appears  in  the  Baril  mountains  and  extends  southward 
more  than  fifteen  miles.  It  is  older  than  the  andesyte  which  lies 
to  the  north  of  it.  Dioryte  is  found  in  three  rounded  bosses  enclos- 
ed by  the  andesyte  and  it  too  is  older  than  the  andesyte  by  which 
it  is  penetrated.  There  are  also  numerous  dyke  rocks  younger 
than  these  igneous  masses,  found  as  intrusions  in  all  of  them. 

The  limestone  is  Cretaceous,  the  andesyte  and  subsequent 
dykes  post-Cretaceous.  The  author  was  unable  to  determine  the 
relations  of  the  nephelite-syenyte  and  the  limestone  and  makes  no 
statement  as  to  their  relative  ages. 

The  remiander  of  the  paper  is  devoted  to  the  petrography  of 
the  igneous  rocks.     The  author  distinguishes, 

A. — Granitoid  Types. 

1.  Nephelite  Syenyte.  The  San  Jos6  rock  is  very  uniform 
in  character.  Four  types  are  described:  The  Baril  type,  the  Ar- 
royo Grande  type,  the  Mesa  Verde  type  and  a  basic  facies  of  it.    By 


S6  The  American  Geologist.  Janu»rj.i905 

calculation  of  the  norm  this  rock  is  found  to  be  persalane,  of  order 
6,  russare,  damachalic  viezzenase,  and  dosodic,  vieszenose;  which 
means  that  the  salic  minerals  preponderate,  that  the  feldspars  are 
dominant  over  the  feldspathoids,  that  the  alkalies  are  dominant 
over  lime  and  soda  over  potassa. 

2.  Dioryte.  The  two  principal  areas  are  near  San  Jos6  and 
the  rock  is  a  typical  dioryte. 

B.-^Porpbyritk  Type, 

1.  Andesyte.  The  laccolitic  mass  is  exposed  for  twelye 
square  mil^s  in  the  centre  of  which  is  situated  the  town  of  San 
Jos6.  Two  types  are  distinguished  and  an  analysis  of  one  is  given 
and  is  shown  to  be  a  laurvikose  in  which  the  salic  constituents  and 
the  feldspars  preponderate;  in  which  the  alkalies  are  dominant 
over  lime  and  soda  over  potassa. 

2.  Dacyte.  This  is  a  more  siliceous  facies  of  the  andesyte 
found  in  the  hills  south  of  San  Jos6  of  which  two  types  are  dis- 
tinquished. 

3.  Basalt.  It  is  a  bluish  black  lava  extending  along  the  Ar- 
rayo  Grande  for  four  or  five  miles. 

C. — Dyke  Rocks. 

The  dyke  rocks  of  the  region  about  San  Josd  are  separated  into 
two  groups  striking  at  right  angles  to  each  other.  Acid  tinguaytes 
strike  east  and  west  and  a  basic  series  of  camptonytes  vogesytes 
and  limburgytes  strike  north  and  south.  The  tinguaytes  are 
divided  into  a  porphyritic  type  and  an  aphanitic  tinguayte  bearing 
analcite. 

A  discussion  of  the  chemical  relations  of  the  San  Jos6  rocks 
closes  the  paper. 

There  is  a  wide  range  between  the  acid  and  the  basic  rocks 
but  the  tabulated  analyses  show  a  definite  sequence  the  nature  of 
which  is  indicated  by  the  writer. 

The  paper  is  illustrated  by  a  geological  map  of  the  San  Jos^ 
district,  by  ten  photomicrographs  of  the  igneous  types  and  five 
views  of  the  mountains  surrounding  San  Jos6.  A.  J. 

The  Geology  of  the  Cem'llos  Hills,  New  Mexico.  By  Douglas  Wil- 
son Johnson.  (Contributions  from  the  Geological  Department 
of  Columbia  University,  vol.  x,  No.  90.) 

This  paper  is  a  discussion  of  the  igneous  hills  in  the  region  of 
Cerrillos,  New  Mexico,  with  a  detailed  description  of  the  surround- 
ing sedimentary  formations.  The  subject  is  treated  in  three  parts: 
Part  I.  is  concerned  with  the  stratigraphy,  physiography,  geologic 
history  and  economic  products  of  the  district;  Part  II.  contains  a 
description  of  the  palaeontology  of  the  sedimentary  formations; 
Part  III.  gives  an  account  of  the  petrography  of  the  Igneous  for- 
mations. 
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The  Cerrillos  hills  are  laccoliths  of  homblende-and  augite- 
andesyte  which  have  been  intruded  in  Cretaceous  sediments.  The 
over-arching  sediments  have  since  been  removed  by  erosion,  leav- 
ing the  igneous  core  exposed.  Mr.  Johnson  is  the  first  to  suggest 
a  laccolitic  origin  for  these  hills  which  have  been  considered  by 
earlier  geologists  to  be  remnants  of  great  dykes  or  of  old  volcanoes 
in  which  the  core  has  been  partially  eroded.  He  asserts  as  proof 
of  his  conclusion  the  following  facts: 

1.  The  absence  of  eruptive  fragments  in  the  associated  strata. 

2.  The  compact  crystalline  texture  of  the  rock  which  is  hard, 
dense  and  in  places  almost  granitoid. 

3.  The  dip  of  the  strata  away  from  the  hills  showing  tilting 
subsequent  to  deposition. 

4.  Intrusive  tongues  of  lava  in  the  adjacent  beds. 

5.  Metamorphism  in  the  beds  resting  on  the  laccoliths. 

6.  The  quaquaversal  dip  around  the  laccoliths. 

7.  The  relation  of  the  intrusive  sheets  accompanying  the  lac- 
coliths which  are  thicker  near  the  uplift  and  thinner  and  less 
steeply  inclined  at  a  distance  from  it 

8.  The  evidence  of  annular  drainage  as  shown  in  the  San 
Marcos  Arroyo.  ^ 

The  Mesozoic  sediments  surrounding  the  laccoliths  cover  a  suc- 
cession of  deposits  extending  from  the  lowest  beds,  found  at  the 
base  of  the  Galisteo  monocline  and  presumably  of  Jura-Trias  age 
through  the  Laramie  deposits  of  Galisteo  red  sandstone.  During 
the  Fox  Hills  period  there  was  a  deposition  of  lignite  which  has 
been  altered  subsequently  to  bituminous  and  anthracite  coal  by 
the  metamorphlc  action  of  the  intrusive  sills.  There  followed  a 
long  erosion  interval  during  which  the  andesyte  was  intruded  and 
the  region  peneplained.  The  deposition  of  the  Santa  Fe  marls  be- 
gan and  continued  from  the  Loup  Fork  stage  until  recent  times. 
These  were  supposed  to  have  originated  in  one  of  the  great  lakes 
that  were  so  numerous  in  the  western  Interior  during  Tertiary  times. 
The  author  however,  suggests  that  these  marls  are  of  alluvial 
rather  than  of  lacustrine  origin  and  advances  in  support  of  this 
theory  the  following  proofs: 

1.  The  variation  in  texture  and  composition  of  the  beds  in 
vertical  section. 

2.  The  presence  of  beds  of  conglomerate. 

3.  The  sudden  variations  in  thickness  and  extent  of  the  com- 
ponent beds. 

4.  The  presence  of  erosion  unconformities. 

5.  The  development  of  cross  bedding. 

6.  The  presence  of  land  fauna. 

7.  The  absence  of  a  lake  schoreline. 

To  Mr.  Johnson  the  above  facts  seem  conclusive.    While  these 
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conditions  would  occur  in  the  case  of  fluviatile  de];K>Mt8  and  may 
be  considered  as  evidence  pointing  to  an  alluvUl  origin  they  are 
hardly  to  be  considered  as  absolute  proof  of  such  an  origin. 

In  water  of  constantly  varying  depth  there  would  be  variation 
in  the  texture  and  composition  of  the  beds.  Because  of  an  alter- 
nate deepening  and  shallowing  of  the  water  we  may  get  a  succea- 
sion  of  gravel,  marls  and  gravel.  A  possible  elevation  in  one  part 
of  the  lake  accompanied  by  depression  in  another  part  would  cause 
changes  in  the  thickness  and  extent  of  the  component  beds  and 
might  produce  an  erosion  line.  Ripple  marks  have  been  in  some 
cases  preserved  to  the  distance  of  a  mile  or  more  from  the  shore 
as  in  the  case  of  Great  Salt  lake.  Cross  bedding  in  lakes  due  to 
the  action  of  counter  currents  has  been  observed  and  wind  cur- 
rents have  been  effective  In  producing  this  phenomenon.  Sub- 
angular  conglomerate  may  be  formed  from  pebbles  which  have  been 
transportd  a  short  distance  and  quickly  cemented  by  calcium  car- 
bonate deposited  from  the  saturated  water.  If  we  assume  that  the 
Cerrillos  peaks  emerged  from  a  lake  as  islands,  the  material  for 
the  conglomerate  might  be  furnished  by  the  erosion  of  these 
islands,  and  alluvial  deposits  from  the  mountain  streams  emptying 
into  the  lake  would  account  for  the  preseince  of  the  alluvial  fans 
at  the  base  of  the  present  mountains. 

The  economic  products  of  this  region  are: 

1.  The  anthracite  and  bituminous  coal  of  the  Madrid  field. 

2.  The  turquoise  deposits  of  Turquoise  hill.  These  are  found 
as  veins  and  nodules  throughout  the  augite  andesyte  and  have 
been  altered  from  the  country  rock  by  heated  solutions  and  vapors 
rising  along  lines  of  fracture. 

In  Part  II  Mr.  Johnson  gives  a  detailed  account  of  the  palae- 
ontology of  the  region  describing  with  great  accuracy  the  fossils 
collected  from  nine*  different  sections.  These  descriptions  are  illus- 
trated by  a  fine  series  of  plates  which  add  greatly  to  the  interest 
of  the  book.  The  whole  article  shows  evidence  of  the  most  care- 
ful and  accurate  work. 

In   Part   III  five  series  of  rocks  are  described: 

1.  The  mica-andesyte  forming  sheets  interstratified  with 
shale. 

2.  The  eruptive  breccias  of  the  Galisteo  group. 

3.  The  hornblende-andesyte  forming  the  older  and  smaller 
laccoliths. 

4.  The  augite-andesyte,  which  is  the  most  abundant  rock  of 
the  Cerrillos  district  and  which  forms  the  main  part  of  the  lacco- 
litic  uplift. 

5.  The  olivine  basalt  which  forms  the  lava  flow  of  Mt  Cal- 
vary and  occurs  in  radial  dykes  as  the  basic  limburgyte. 

Mr.  Johnson  has  classified  the  Cerrillos  rock  under  the  chemico- 


Monthly  Author^ s  Catalogue.  59 

mineralogical  system  of  classification  and  has  given  the  equations 
for  the  respective  class  order,  rang  and  grad,  thereby  making  the 
nomenclature  clearly  intelligible  to  those  who  are  not  as  yet  com- 
pletely familiar  with  the  new  scheme. 

His  treatment  of  the  Cerrillos  district  is  clear  and  logical,  writ- 
ten in  a  very  interesting  manner  and  complete  in  all  respects.  In 
addition  to  the  palaeontological  plates  the  book  is  illustrated  by  a 
large  map  of  the  region,  accompanied  by  sections,  by  numerous 
full  page  photographs,  by  various  half  page  diagrams  and  plates, 
and  by  a  series  of  photo-micrographs.  E.  P.  B. 
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Dr.  J.  Mackintosh  Bell  instructor  in  geology  at  Har- 
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meeting  of  the  'society. 

Awards  in  the  Dkpartment  of  Minks  and  Metallurgy, 
Louisiana   Purchase  Extosition,  1904 

J]elo\v  is  given  a  list  of  State  and  Government  geological 
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ceived at  this  Kxposition  was  doubtless  due  in  part  to  the 
fact  that  on  the  Jury  of  Awards  there  were  many  able  geolo- 
gists and  mining  engineers  representing  the  United  States 
and  other  countries,  and  partly  to  the  fact  that  the  Chief  of 
the  De])artment  of  Mines  of  the  Exposition  was  himself  a 
Fellow  of  the  Geological  Society  of  America  and  a  State 
'Geologist. 

Grand  Prizes  to  the  Folioiving: 

United  States  Geological  Survey,  Washington. 
British  Geological  Survey,  London. 
Prussian  (leological  Survey,  Berlin. 
Austrian  Geological  Survey,  Vienna. 
Swiss  Geological  Survey,  Zurich. 
Portuguese  Geological  Survey,  Lisbon. 
Xew  York   Paleontological  Survey,  Albany. 
Geological  Survey  of  Japan. 
Geological  Survey  of  Canada. 


Va. 
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GoM  Medals  to  the  Following: 

Pennsylvania  Geological  Survey,  Harrisburg. 
N.  H.  Winchell,  Minneapolis,  Minn. 

Geological  Survey  Publications,  Minnesota. 
Ohio  Geological  Survey,  Columbus. 
Geological  Survey  of  New  South  Wales,  Sydney,  Ont. 
Geological  Survey  of  Alabama,  University,  Ala. 
California  State  Mining  Bureau,  San  Francisco,  Cal. 
New  York  State  Museum,  Albany.     (In  Geology). 
Geological  Survey  of  New  Jersey,  Trenton,  N.  J. 
Maryland  Geological  Survey,  Baltimore,  Md. 
Geological  Survey  of  Missouri,  Rolla,  Mo. 
Geological  Survey  of  West  Virginia,  Morg^ntown,  West 


Geological  Survey  of  Indiana,  Indianapolis. 
Geological  Survey  of  Georgia,  Atlanta,  Ga. 
Iowa  Geological  Survey,  Des  Moines,  Iowa. 
Wisconsin  Geological  Survey,  Madison,  Wis. 
John  C.  Branner,  Stanford,  Cal. 

Publications  of  the  Arkansas  Geological  Survey. 
Kentucky  Geological  Survey,  Frankfort. 
Michigan  Geological  Survey,  Lansing,  Mich. 

The  jeographic  Society  of  Chicago  held  a  meeting  on 
December  loth,  at  which  the  following  brief  addresses  were 
given:  Eliot  Blackwelder,  "Tai  Shan — the  Holy  Mountain 
of  Shantung ;"  W.  W.  Atwood,  "An  Ascent  of  the  Enchanted 
Mesa;"  R.  E.  Blount,  "A  Field  Trip  in  the  Harz;*'  Zonia 
Baber,  "The  Transcontinental  Trip  of  the  Eighth  Interna- 
tional Geographic  Congress ;"  Mabel  Sykes,  "A  Trip  to  Van- 


couver." 


United  States  Geological  Survey. 


Among  the  recently  issued  publications  of  the  Survey 
are  the  following: 

"The  petrography  and  geology  of  the  igneous  rocks  of 
the  Highwood  mountains,  Montana,"  by  L.  V.  Pirsson ;  Bul- 
letin No.  237. 

"The  water  powers  of  Texas,"  by  T.  C.  Taylor;  Water 
Supply  and  Irrigation  Paper  No.  105. 

"The  Delavan  lobe  of  the  lake  Michigan  glacier  of  the 
Wisconsin  stage  of  glaciation  and  associated  phenomena," 
by  W.  C.  Alden :  Professional  Paper  No.  34. 

"The  Latrobe  (Pa.)  FoHo,"  by  M.  R.  Campbell ;  Geologic 
Folio  No.  no. 

"A  general  reconnaissance  across  the  Cascade  range 
near  the  forty-ninth  parallel,"  by  G.  O.  Smith  and  F.  C.  Cal- 
kins; Bulletin  No.  235. 
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•'Contributions  to  Devonian  paleontology,  1903,"  by  H. 
S.  Williams  and  E.  M.  Kindle;  Bulletin  No.  244. 

'The  twenty-fifth  annual  report  of  the  Director  of  the 
United  States  Geological  Survey."  This  report  includes  an 
account  of  the  work  of  the  survey  from  July,  1903,  to  July, 
1904. 

New  York  Academy  of  Sciences.  Nov.  21,  1904,  Prof. 
J.  J.  Stevenson  read  a  paper  upon  "The  Island  of  Spitzbergen 
and  its  Coal,"  illustrated  by  lantern  slides.  The  speaker  de- 
scribed briefly  the  coast  of  northern  Norway  and  its  geology 
and  referred  in  some  detail  to  Bergen,  Hammerfest  and  other- 
cities.  The  coal  beds  are  of  Jurassic  age  and  the  coal  is  pecu- 
liar in  that  it  partakes  of  the  characters  of  the  lignites  as  well 
as  of  the  true  coals. 

Prof.  J.  F.  Kemp  presented  an  abstract  of  a  paper  on 
The  Titaniferous  Magnetite  in  Wyoming.  The  magnetite 
occurs  in  two  places,  fifteen  and  twenty  miles  north  of  Lar- 
amie, Wyoming,  the  former  and  smaller  occurrence  being  the 
Shanton  ranch,  the  latter  and  larger  being  on  Chugwater 
creek.  Both  are  in  wall  rock  of  anorthosyte  which  is  prac- 
tically indistinguishable  from  anorthosyte  occurring  in  the 
Adirondacks.  The  ores  range  from  20  per  cent  to  40  per 
cent  TiO'*^.  Thin  sections  show  that  they  contain  green 
spinels  and  one  slide  presents  much  olivine.  They  can  be 
most  reasonably  explained  as  intrusive  dikes.  In  this  view 
the  speaker  agreed  with  Waldemar  Lindgren  who  has  pub- 
lished a  brief  note  regarding  them. 

A  special  meeting  of  the  Section  of  Geology  and  Miner- 
alogy was  held  DeccMnber  2,  when  a  lecture  was  given  by 
Prof.  Albrccht  Penck.  of  the  Imperial  University  at  Vienna, 
who  is  an  honorary  member  of  the  academy. 

The  speaker  discussed  "The  Glacial  Surface  Features  of 
the  Alps,"  and  gave  a  brief  summary  of  some  of  the  results 
of  the  twenty  years  of  masterly  work  which  has  been  done 
by  him  and  under  his  direction  in  the  Tyrol.  Professor 
Penck  discussed  in  popular  language  the  nature  of  the  valleys 
of  the  .\lps  and  showed  by  means  of  lantern  sHdes  and  a  dia- 
gram how  the  glaciers  have  widened  and  deepened  portions 
of  their  rock  basins  and  produced  lakes.  A  vote  of  thanks 
was  passed  to  the  distinguished  guest  of  the  evening. 
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THE  COAR86NE$8  OF  IGNEOUS  ROCKS  AND  ITS   MEANING. 

Alfbsd  C.  Laks,  Lanain^,  Mich. 
PLATE  IV. 

For  some  time*  and  in  a  series  of  papers  I  have  been 
interested  in  studying  the  grain  of  rocks,  its  variation  in 
coarseness  and  the  inferences  that  may  be  drawn  therefrom. 
Though  I  began  studying  it  by  noticing  the  dimensions  of 
cross  sections  of  certain  crystals  in  thin  sections  it  has  be- 
come evident  to  me  that  in  many  cases  microscopic  work 
and  thin  sections  are  not  necessary  nor  even  definite  numer- 
ical results  (though  always  advisable)  in  order  to  draw  in- 
ferences of  interest.  I  wish  therefore  in  this  article  to  give 
brieflv  without  either  the  mathematical  foundations  or  the 
exact  mathematical  limitations,  some  of  the  resuhs  of  my 
studies  in  such  shape  as  to  attract  the  attention  and  interest 
of  geologists  generally  to  the  value  of  inferences  from  the 
coarseness  of  grain.  I  should  only  premise,  that  ii  any  one 
hnds  that  the  inferences  here  drawn  do  not  aj^^ree  with  facts 
known  to  him  of  which  he  is  absolutely  sure,  it  is  quite  as 
likely  that  I  have  left  out,  in  restating  the  facts  without 
mathematics,  some  essential  limiting  factor  as  that  the  gen- 
eral theory  is  seriously  defective.  There  is  however  one 
presupposition  I  make,  which  is  not  strictly  true,  variations 
from  which  may  cause  great  variations  in  the  results.  That 
is,  that  the  whole  mass  of  the  igneous  rock  w^hen  it  was 


•Part  1,  volume  vi.  Reports  Geological  Survey  of  MichisJin;  Hull 
Geol.  Sac.  Am.  pp.  360-406;  vlii,  pp.  403-407;  Annual  Roport.s,  for  ll*i3  Jind 
'\»M.    Mich,    Geol.    Surv.    Am.    Jour,    of   Science,     Vol.   xiv,   Nov.,  ll^^ni.   p.  :iH3. 

The  plate  herewith  griven  Is  prepared  for   the  Annual   Report    lor    1JXI4. 
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poured  forth,  or  squeezed  in,  was  under  uniform  conditions 
of  liquefaction,  temperature,  pressure  and  absorbed  mineral- 
izing gases.  We  shall,  at  the  close,  consider  some  modifica- 
tions of  the  phenomena  which  may  be  assi^ed  to  non-uni- 
form conditions. 

One  important  condition  of  the  coarseness  of  a  given 
mineral  is  the  rapidity  with  which  it  forms.  The  slower  the 
formation  the  coarser  the  grain.  This  in  turn  will  obviously 
depend  in  some  measure  upon  the  ease  with  which  its  en- 
vironment (country  rock,  air  or  water)  can  absorb  the 
liquefying  factors  (heat,  or  mineralizing  gases,  etc.)  Thus 
a  lava  poured  forth  beneath  the  ocean  may  be  expected  to 
lose  heat  faster  than  one  intruded  into  dry  sand.  We  try 
to  allow  for  these  factors  by  assuming  various  widths  of 
contact  zones. 

The  coarseness  of  grain  of  a  rock  is  not  a  mathematical 
conception.  We  may  better  speak  of  the  coarseness  of 
grain  of  an  individual  constituent,  the  feldspar  or  aug^te  or 
quartz  of  a  rock.  The  general  impression  of  the  coarseness 
of  grain  of  the  rock  as  a  whole  may  be  due  to  the  composite 
'  effect  of  one  or  two  or  three  of  the  constituent  minerals. 
Usually  the  grain  of  the  feldspar  is  an  important  factor.  In 
the  plate  of  drill  cores  (iv.)  the  mottling  is,  however,  due 
to  the  ophitic  augites,  which  on  fresh  fracture  give  a  luster- 
mottled  effect.  At  times  also  two  or  more  minerals,  may 
vary  in  the  same  way,  and  we  may  speak  of  the  grain  be- 
coming coarser  for  all  of  them  and  so  for  the  rock  which 
they  make  u]). 

Now  in  our  mathematical  discussion  we  call  the  condi- 
tions of  consolidation  (u),  those  of  the  igneous  rock  as  it  is 
poured  forth  or  thrust  in  (il^^)  and  those  of  the  country 
rock  zero  (o). 

(A.)  If  the  conditions  of  consolidation  are  nearer  the 
former  (il^^)  than  the  latter,  the  grain  at  the  margin  is  finer, 
theoretically  indefinitely  fine.  The  igneous  rock  will  have 
a  glassy  or  aphanitic  **saalband/'  selvage  or  wall.  This  we 
know  is  the  customary  thing  for  common  trap  dikes.  The 
grain  will  increase  at  first  from  the  margin  at  a  uniform  rate, 
not  dependent  on  the  thickness  of  the  country  rock  nor  of 
the  contact  zone. 
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If  the  contact  zone  is  a  broad  one  not  cooling  rapidly, 
but  letting  the  plane  of  contact  remain  for  some  time  in 
conditions  just  half  way  between  those  the  country  rock  and 
the  igneous  rock  had  at  the  beginning  (o)  and  (iu^),  the 
grain  will  continue  to  increase  though  not  at  a  uniform  rate, 
until  it  may  even  be  a  good  deal  coarser  than  farther  from 
the  margin.  This  belt  of  coarser  grain  not  at,  but  parallel 
to,  the  margin  will  be  pronounced  only  in  rather  exceptional 
conditions,  when  the  contact  zone  is  quite  broad,  and  the 
temperature  of  consolidation  only  a  little  nearer  the  temper- 
ature of  injection  than  that  of  the  country  rock. 

After  a  short  time  if  the  contact  zone  is  a  nairow  one, 
a  longer  time  if  it  is  broad,  the  contact  zone  will  be  heated 
up  so  that  the  igneous  rock  will  cool  as  though  it  were  the 
outside  of  the  contact  zone  which  was  its  margin  held  at  a 
fixed  temperature,  and  if  the  contact  zone  is  very  narrow, 
as  it  generally  seems  to  be  in  effusive  rocks,  the  grain  in- 
creases once  more  uniformly.  It  will  do  this  more  especially 
if  the  temperature  of  consolidation  is  pretty  close  to  that  of 
the  molten  rock  when  it  came  to  rest.  This  seems  frequent- 
Iv  to  be  the  case  with  effusive  basic  lavas  which  flowed  on 
and  on  and  stirred  themselves  up  until  the  earlier  crystals 
began  to  form  while  the  lava  was  still  in  motion.  Then  it 
began  to  stiffen,  and  at  this  time  and  temperature  it  was  on 
the  verge  of  consolidation  throughout. 

For  instance  the  most  common  type  of  Keweenawan 
trap  is  an  ophyte  mainly  composed  of  augite  and  labra- 
dorite  with  some  iron  oxides  and  olivine  in  chemical  compo- 
sition an  auvergnose  close  to  a  hessose,  with  about  47  per 
cent  SiO^,  10  per  cent  CaO  and  3  per  cent  alkalies.  The 
type  is  the  g^eat  ridge  known  as  the  "greenstone/'  Such 
flows  continued  to  spread  until  the  olivine  and  probably 
also  the  feldspar  had  begun  to  form.  We  find  in  them  that 
the  augite  is  the  last  formed  mineral,  and  that  its  grains  en- 
close the  tablets  of  feldspar,  but  crowd  ahead  of  them  the 
other  components  so  far  as  possible.  These  augite  patches 
attain  a  perceptible  size  as  will  be  seen  by  plate  IV  in  four 
to  ten  feet  from  the  margin.  This  corresponds  to  the  first 
rate  of  increase.  Thereafter  the  increase  of  size  of  patches 
is  less  rapid  but  fairly  uniform  and  continuous,  something 
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like  one  millimeter  in  breadth  of  patch,  diameter  of  augite 
grain,  for  every  sixteen  feet  distance  from  the  margin. 
Some  valuable  application  can  be  made  of  these  facts. 

(i)  If  a  sample  appears  to  be  unusually  fine  grained  for 
its  distance  from  the  margin  of  the  flow  it  is  often  found 
that  it  is  more  feldspathic  than  the  normal  ophytes  (andosc, 
i.  e.  "ashbed  diabase,  i.  e.  porphyritic  melaphyre,  or  some- 
thing still  more  felsitic.) 

(2)  The  direction  in  which  the  mottles  (grain)  are  get- 
ling  finer  is  probably  that  of  the  nearest  amygdaloid,*  and 
the  coarseness  of  the  mottles  enables  one  to  infer  about  how 
far  off  (or  ahead  in  diamond  drilling)  it  may  be  expected  if 
slips  do  not  intervene. 

(3)  As  Dr.  Hubbard  suggests,  if  a  flow  appears  by 
chemical  or  petrographic  analysis  to  be  a  normal  ophyte 
but  when  cut  by  a  drill  hole  the  grain  does  not  increase  at 
the  normal  rate  it  may  be  possible  to  infer  the  dip.  In  a 
vertical  shaft  or  drill  hole,  the  apparent  rate  would  be  the 
real  rate  of  16  feet  per  millimeter  divided  by  the  cosine  of 
the  dip.  lUit  the  difficulty  of  determining  the  rate  of  increase 
of  grain  accurately,  the  liability  of  drill  holes  to  veer,  and 
the  possibility  of  exceptional  temperatures  in  the  flow  are  all 
factors  that  should  lead  to  extreme  caution  in  the  applica- 
tion of  this  method.  The  dip  thus  obtained  should  be  taken 
as  a  suggestion.  I  have  however  used  it  with  better  suc- 
cess than  T  expected. 

(4)  Sudden  variations  in  grain  may  serve  to  call  atten- 
tion to  faults  and  slips. 

(5)  Intrusive  dikes  behave  quite  differently. 

(B.)  If  the  conditions  of  consolidation  are  nearer  those 
of  the  country  rock  than  those  the  rock  had  at  the  time  of 
intrusion  and  the  beginning  of  cooling,  it  will  be  coarser  at 
the  margin  than  at  a  little  distance  therefrom.  If  the  con- 
tact zone  is  very  narrow  the  zone  of  decrease  of  grain  wiU 
be  very  small,  and  from  thence  in  the  grain  will  be  as  though 
the  consolidation  was  from  the  outer  margin  of  the  contact 
zone  kept  at  a  fixed  temperature.  But  if  the  contact  zone 
is  broad  there  will  be  a  gradual  decrease  of  grain  to  the  zone 
of  uniform  grain  of  which  we  shall  presently  speak,  the  extra 

•  The  porous  bubbly  top  of  a  flow. 
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coarseness  of  the  margin  being  pronounced  only  as  the  con- 
ditions of  its  consolidation  approach  being  balanced  just 
half  way  between  those  of  the  country  rock  and  initially  in- 
jected magma. 

(C)  If  the  temperature  and  conditions  at  which  the 
molten  rock  comes  to  rest  are  not  very  near  or  within  the 
range  of  conditions  of  consolidation  there  will  be  back  from 
the  margin  and  near  to  the  center  a  zone  of  uniform  grain. 
This  will  not  be  all  formed  at  the  same  time,  but  the  molten 
rock  will  be  cooling  down  at  the  same  rate  when  it  g^ts 
down  to  the  same  temperature.  This  is  a  result  of  very  wide 
application.  The  proportion  of  this  zone  of  uniform  width 
'depends  on  the  relations  of  the  three  temperatures,  those  of 
bej^inning  of  consolidation  and  of  the  country  rock.  The 
nearer  the  latter  is  to  that  of  consolidation  the  broader  the 
belt  of  uniform  grain.  The  broader  the  contact  zone  the 
more  extensive  the  belt  of  uniform  grain,  as  might  be  ex- 
pected, for  the  broad  contact  zone  means  one  that  absorbs 
relatively  little  heat  and  will  make  the  difference  between 
the  margin  and  center  in  conditions  less. 

The  formula  for  the  grain  through  this  center  belt  is  so 
simple  that  we  shall  venture  to  give  it  as: 

Which  being  interpreted  is  as  follows : 

The  coarseness  of  grain  (E)  in  the  belt  of  uniform  grain 
is  proportional  to  the  ease  of  crystallization  and  the  mole- 
cular abundance  of  the  mineral  concerned  (k),  and  to  the 
size  of  the  mass  of  rock  whose  temperature  varies  consid- 
ered as  a  sheet  of  indefinite  extent  and  thickness  (c),  and 
inversely  proportional  to  the  square  root  of  the  diffusivity 
(a-),  and  the  difference  between  the  temperature  (and  other 
conditions)  of  consolidation  and  those  prevailing  in  the 
country  rock  (u). 

It  will  be  noticed  that  in  this  formula  the  initial  tem- 
perature and  conditions  of  the  molten  rock  do  not  enter, 
and  play  no  role.  These  must  be  studied  at  or  near  the 
contact. 

We  have  said  that  this  central  zone  of  uniform  grain  is 
not  all  formed  at  the  same  time.  Now  if  in  what  would 
otherwise  be  such  a  contact  zone  there  is  a  concentration 
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by  gravitative  settling  or  any  other  method  of  the  more 
soluble  and  less  quickly  crystallizable  part,  we  may  have  a 
coarser  grain  due  to  the  practical  decrease  of  (u)  the  tem- 
perature and  conditions  of  consolidation,  or  the  increase  of 
(k)  the  molecular  abundance  of  some  particular  mineral. 

Again  at  the  .moment  of  injection  or  effusion  a  certain 
width  of  the  molten  rock  may  crystallize,  and  in  that  case 
consolidate  as  though  the  country  rock  and  the  margin  had 
the  actual  temperatures  of  injection.  But  within  this 
stiffened  rind  a  flow  may  go  on  before  final  cessation 
of  motion.  The  consolidation  just  within  the  rind  will 
be  abnormally  slow  owing  to  the  fresh  accessions  of 
heat,  and  when  the  rock  finally  comes  to  rest  it  will 
start  with  the  heated  rind  for  a  country  rock.  Crys- 
tals of  minerals  except  those  which  determine  the 
stiffening  of  the  molten  rock  will  be  formed  as  it  pushes 
along  in  and  along  side  the  rind  in  the  belt  whose  tempera- 
ture is  lowered  to  their  range  of  formation.  They  will  be 
the  porphyritic  crystals  of  the  rhyocrystal  (formed  floating 
in  transit)  type,  and  may  of  course  be  swept  by  currents  into 
the  middle  of  the  molten  stream  and  even  remelfed,  tending 
to  lower  the  tcm])erature  of  the  stream  as  a  whole.  The 
net  result  of  considering  flowage  appears  to  be  that  probably 
in  considcrinjT^  the  grain  at  the  center  a  little  less  range  of 
conditions  of  tein])erature  (uo)  should  be  assumed  than  for 
the   iiiari^in. 

\o\v  for  some  more  applications.  The  deeper  seated 
rocks,  batholiths  and  intrusives,  are  likely  to  have  (i)  hotter 
contact  zones;  (2)  owing  to  the  retention  of  mineralizers 
under  pressure,  lower  temperatures  of  consolidation,  or  more 
broadly  conditions  of  consolidation  more  like  those  prevail- 
ing in  the  rocks  in  which  they  are  injected ;  (3)  perhaps 
higher  initial  or  injection  temperatures;  (4)  broader  contact 
zones. 

The  zone  of  uniform  grain  is  therefore  probably  much 
broader,  and  coarser  grain  at  the  margin  is  more  likely  to 
occur.  If  there  is  a  zone  of  uniform  grain  it  is  likely  to  be 
coarser  than  a  similar  zone  in  an  otherwise  similar  effusive, 
hut  it  is  not  necessarily  coarser  than  the  grain  of  the  effu- 
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sive,  if  that  is  formed  at  an  early  stage  and  increases  con- 
tinuously from  the  center. 

Extra  coarse  grain  of  intrusives  like  pegmatytes,  may 
point  to  a  country  rock  near  fusion-solution,  or  to  such 
an  accumulation  of  mineralizers  as  to  bring  their  consolida- 
tion-crystallization point  down  close  to  that  of  the  country 
rock,  which  amounts  to  the  same  thing. 

Fine  grained  rocks  of  uniform  grain  like  aplytes  seem 
to  point  to  the  following  conditions :  (i)  small  dimensions  (c) ; 
which  is  generally  the  case ;  (2)  a  considerable  difference  in 
condition  between  the  consolidation  point  and  that  of  the 
country  rock  (i.  e.  u  reasonably  large);  (3)  but  this  differ- 
ence must  nevertheless  be  less  than  half  the  initial  difference 

Suppose  for  instance  a  gabbro  mag^a  were  at  1400°  C. 
originally  and  consolidated  at  1100°  C.  By  the  time  the 
margin  and  contact  zone  had  cooled  down  to  800°  C.  there 
would  be  a  tendency  to  shrink  which  might  be  relieved  by 
injections  of  residual  magma  like  the  "red  rock"  (soda 
granites,  granitells),  at  the  center  which  still  remained  at 
1400°.  If  this  residual  magma  also  consolidated  at  1100°  C. 
it  might  take  aplitic  form,  but  if  very  rich  in  mineralizers, 
superheated  steam,  and  so  liable  to  consolidate  at  lower  tem- 
peratures, might  be  indefinitely  coarse  and  pegmatitic.  Such 
in  fact  appears  to  me  to  be  the  probable  conditions  for 
many  dike  rocks. 

Regarding  the  granites  and  gneisses  called  Laurentian 
and  regarded  by  many  as  the  softened  base  of  the  geological 
column,  it  is  now  pretty  generally  agreed  that,  as  was  clearly 
pointed  out  by  Lawson,  they  behave  in  their  relation  to  such 
formations  as  the  Keewatin  exactly  like  any  other  igneous 
intrusive.  Moreover  their  grain  is  not  peculiarly  coarse, 
though  (and  this  has  indeed  been  noted  by  Rominger  and 
Lawson  at  least,  as  well  as  myself)  the  feldspar  often  be- 
comes gradually  coarser  at  the  margin,  "porphyroidal"  or 
"porphyritic,"  than  farther  from  the  contact.  From  these 
facts  we  may  infer  that  there  was  a  very  considerable  dif- 
ference in  temperature  (conditions  of  consolidation)  between 
the  Keweenawan  and  the  "Laurentian"  and  also  that  the 
country  rock  was  nearer  the  consolidation  point  of  the  feld- 
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spar  than  the  "Laurentian''  granite  gneisses,  in  short  that 
at  the  time  of  intrusion  the  Keewatin  was  nearer  to  melting 
than  the  ''Laurentian"  to  consolidating.  I  do  not  believe 
that  these  inferences  are  consistent  with  the  theory  that 
such  granites  are  a  softened  formation  immediately  under- 
lying Huronian,  Keewatin  or  Couchiching.  I  should  rather 
expect  that  such  softened  sediments  would  cool  with  a 
coarseness  of  grain  comparable  to  that  of  segregation  veins 
and  pegmatytes  in  so  far  as  the  same  was  not  broken  up  by 
shearing  and  fliowage. 

Whether  I  am  right  in  this  particular  point,  however,  in 
general  or  not,  and  of  course  I  can  only  speak  with  any 
degree  of  assurance  for  the  few  contacts  I  have  personally 
examined,  it  seems  to  me  that  a  careful  study  of  the  varia- 
tion of  grain  will  assuredly  throw  light  on  this  difficult 
problems  as  well  as  others. 
Lansing,  fan. 5,    1905, 


GERARD    TR008T.* 

By  L.  C.  Qlcnn,  Nashville,  Tenn. 
PORTRAIT-PLATE    V. 

Gerard  Troost,  a  pupil  and  friend  of  Hauy  and  Werner, 
one  of  the  founders  and  the  first  president  of  the  Academy 
of  Natural  Sciences  of  Philadelphia,  professor  of  geology 
and  chemistry  in  the  University  of  Nashyille,  ana  first  state 
geologist  of  Tennessee,  was  born  at  Bois-le-Duc,  Holland, 
March  15,  1776,  and  died  in  Nashyille,  Tenn.,  August  14, 
1850.  Thougli  his  parents  had  but  limited  means,  he  was 
educated  at  the  University  of  Leyden,  where  he  received 
the  degree  of  Doctor  of  Medicine,  and  at  the  University  of 
Amsterdam,  where  in  1801  he  received  the  degree  of  master 
in  pharmacy.  Much  of  his  time  was  devoted  to  chemistry 
and  natural  history  and  especially  to  the  then  infant  sciences 
of  geology  and  mineralogy. 

•  The  writer  has  drawn  quite  freely  on  Dr.  Philip  Undsley's  oraUon 
on  the  life  and  character  of  Dr.  Troost.  Acknowledfements  for  Infor- 
mation and  assistance  in  various  ways  are  also  srrateruUy  made  to  E«z- 
Gov.  James  D.  Porter,  and  Mr.  Jno.  M.  Bass,  president  and  secretary, 
respectively,  of  the  University  of  Nashville;  to  Prof.  Charles  Schuchert 
now  of  Yale;  to  Mr.  Chas.  J.  Fox  of  the  Academy  of  Natural  Sciences 
of  Philadelphia;  to  Mr.  Lewis  Stein  of  Spring  Hill,  Ala.;  and  to  Dr. 
James  M.  Saflford,  of  Dallas,   Tex. 
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Between  1801  and  1807,  ^^*  Troost  practiced  as  a  phar- 
macist, both  at  Amsterdam  and  at  the  Hague,  and  served  in 
the  army  first  as  a  private  soldier  and  later  as  an  officer  of 
health  cd  the  first  class  and  during  his  service  was  wounded 
in  the  forehead  and  in  the  thigh.  The  work  of  a  pharmacist, 
it  should  be  remembered,  was  that  of  a  chemist  manufac- 
turing medicinal  preparations  and  required  a  much  fuller 
and  more  accurate  knowledge  of  chemistry,  botany  and 
zoolog>'  than  would  be  necessary  for  the  mere  compound- 
ing of  prescriptions. 

He  had  by  this  time  attracted  the  attention  of  Louis 
Napoleon,  king  of  Holland,  and  was  sent  by  him  to  Paris 
to  continue  his  scientific  studies.  His  passport  bears  date  of 
July  I,  1807.  There  he  became  a  pupil  and  companion  of 
Hauy,  the  celebrated  crystallographer  and  mineralogist,  and 
gained  that  knowledge  of  and  fondness  for  mineralogy  and 
crystallography  which  he  always  afterward  manifested  and 
which  led  his  associates  in  America  to  wonder  at  his  re- 
markable fidelity  in  remembering  the  exact  angles  of  known 
crystals  of  minerals  and  his  readily  distinguishing  rare  and 
remarkable  forms.  While  there  he  translated  into  Dutch 
Humboldt's  "Aspects  of  Nature"  and  established  thereby  a 
lifelong  friendship  with  the  author.  He  soon  became  at 
home  in  Paris,  familiar  with  its  language  and  acquainted  with 
its  leaders  of  scientific  thought.  At  some  time  between 
1807  and  1809,  Troost  traveled  widely  in  France,  Italy,  Switz- 
erland and  Germany  under  commission  from  the  king  of 
Holland  collecting,  by  purchase,  for  him  a  large  and  valuable 
cabinet  of  minerals.  It  was  most  probably  during  his  trav- 
els for  this  purpose  in  Germany  that  he  sat  under  Werner's 
instruction  and  became  his  companion  in  excursions 
around  Freiberg.  Troost  often  referred  in  his  lectures  to 
incidents  of  his  travels  during  this  period  and  frequently 
spoke  of  Werner  in  warm  terms  of  appreciation.  Xo  refer- 
ence was  ever  made  by  him  to  his  having  traveled  in  Egypt 
and  no  authentication  of  the  statement  that  he  visited  that 
country  in  a  scientific  capacity  for  the  French  government  is 
obtainable.  It  seems  highly  improbable  that  such  a  trip  was 
ever  made. 

About  the  close  of  1809  Dr.  Troost  was  appointed  by 
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Che  king  of  Holland  a  member  of  a  scientific  commission  to 
accompany  a  naval  expedition  to  Java.  The  English  block- 
ade prevented  the  sailing  of  the  Dutch  fleet,  and  the  attempt 
was  made  by  Dr.  Troost  to  reach  the  United  States  ^nd  sail 
thence  to  the  East  Indies  under  our  flag.  He  sailed  from  a 
German  port  in  an  American  vessel  bound  for  the  United 
States,  but  was  captured  by  a  French  privateer  and  carried 
as  a  prisoner  to  Dunkirk,  where  he  was  confined  until  his 
true  name  and  character  were  learned..  He  was  then  re- 
leased, and  proceeded  to  Paris.  There  he  was  elected  a  cor- 
responding member  of  the  Museum  of  Natural  History  of 
France,  his  diploma  being  dated  March  21,  1810.  He  had 
secured,  however,  on  March  5,  a  passport  in  Paris  permit- 
ting him  to  sail  on  an  American  ship  from  Rochelle  to  Phila- 
delphia, and  shortly  afterwards  departed  for  America. 

On  July  I,  1810,  Louis  Napoleon  abdicated  the  crown  of 
Holland,  and  on  July  10  that  country  was  incorporated  with 
the  French  empire.  In  the  following  year  Java  was  sur- 
rendered to  the  British. 

Under  these  circumstances.  Dr.  Troost  abandoned  the 
expedition  to  the  East  Indies  and  resolved  to  remain  in  this 
country  and  become  an  American  citizen.  He  settled  in 
Philadelphia  and  soon  established  there  a  laboratory  for 
manufacturing  druj^^s  and  chemical  preparations. 

In  181 2,  Dr.  Troost  became  one  of  the  founders  of  the 
Academy  of  Natural  Sciences  in  Philadelphia  and  was  elect- 
ed its  first  president,  a  position  he  held  until  1817,  when  he 
resig^ned  and  was  succeeded  by  Thomas  Say.  Soon  after 
the  founding  of  the  Academy,  when  the  members  made  dona- 
tions to  form  the  nucleus  of  a  museum,  Dr.  Troost  presented 
some  artificial  crystals  he  had  prepared.  Later,  he  gave  col- 
lections of  minerals  from  Pennsylvania  and  from  Maryland, 
and  a  number  of  other  things  of  scientific  interest  and  value. 
A  collection  of  minerals  purchased  from  Dr.  Seybert  came 
into  the  possession  of  the  Academy  on  August  15,  1812,  and 
soon  after  this  Dr.  Troost  delivered  a  course  of  lectures  on 
mineralogy  before  the  Academy.  This  was  perhaps  his  first 
formal  work  as  a  lecturer  or  teacher. 

In  181 T,  he  became  associated  with  others  in  the  manu- 
facture of  alum  from  the  pyritic  and  lignitic  Cretaceous  clays 
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found  at  cape  Sable  on  the  Magothy  river  in  Maryland, 
thus  establishing  the  first  alum  manufactory  in  the  United 
States.  He  later  removed  there  from  Philadelphia,  but  after 
a  few  years  the  failure  of  the  proprietors  involved  him  in 
heavy  financial  loss,  the  works  were  closed,  and  he  returned 
to  Philadelphia.  In  1821  he  was  appointed  professor  of  min- 
eralogy in  the  Philadelphia  museum  and  delivered  a  course 
of  public  lectures  on  the  subject.  At  about  the  same  time  he 
was  also  appointed  first  professor  of  chemistry  in  the  Phila- 
delphia College  of  Pharmacy.  He  delivered  one  course  of 
lectures  and  resigned  the  following  year.  During  this  last 
residence  in  Philadelphia  he  made  frequent  geological  excur- 
sions into  the  region  around  Philadelphia,  to  the  zinc  mines 
of  Sussex  County,  N.  J.,  and  to  Orange  County,  N.  Y.,  and 
elsewhere,  being  accompanied  at  times  by  Maclure,  Say,  Le- 
*sueur,  and  Jackson. 

Between  1821  and  1825  he  made  for  the  Philadelphia 
Society  for  the  Promoting  of  Agriculture  a  geological  sur- 
vey of  the  environs  of  Philadelphia. 

In  1825,  along  with  Maclure,  Say,  Lesueur  and  others,  he 
removed  to  New  Harmony,  Indiana,  and  aided  in  forming  the 
communistic  colony  there  under  the  auspices  of  Robert 
Owen.  He  soon  became  dissatisfied  with  the  impracticable 
schemes  and  peculiar  social  arrangements  of  Owen,  and  re- 
moved with  his  family  and  scientific  collections  to  Nashville, 
Tenn.  During  his  stay  at  New  Harmony,  however,  he  made 
a  trip  into  southeast  Missouri  along  with  Lesueur  to  the  lead 
and  zinc  mines  of  that  state.  He  called  the  attention  of  the 
miners  there  to  the  true  nature  of  the  calamine  ore,  all  of 
which  they  had  previously  thrown  away  as  worthless. 

It  is  very  probable  that  Dr.  Troost  was  induced  to  move 
to  Nashville  by  Dr.  Philip  Lindsley,  the  president  of  the 
University  of  Nashville.  On  January  11,  1828,  he  adver- 
tised in  one  of  the  daily  papers  that  his  museum,  the  work 
of  twenty  years  collecting,  is  now  open  to  the  public,  and 
mentions  that  among  its  contents  are  over  400  species  of 
birds  from  the  island  of  Java  alone, — one  of  the  results,  no 
doubt,  of  the  interest  in  Java  aroused  by  his  attempted  ex- 
pedition to  that  island.  On  February  9,  1828,  he  was  elected 
professor  of  geology  and  mineralogy  in  the  Universitv  of 
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Nashville.     Shortly  afterward  chemistry  and  natural  history 
were  added  to  his  chair.     He  retained  this  position  until  his 

death. 

Dr.  Troost  soon  began  to  make  geological  expeditions 
over  the  state  of  Tennessee,  and  in  an  address  delivered  be- 
fore the  legislature  on  October  19,  1831,  we  find  him  already 
well  informed  regarding  many  of  the  state's  natural  re- 
sources. He  was  persuaded  to  communicate  his  findings  to 
the  legislature  that  steps  might  be  taken  for  their  further 
development.  As  a  consequence,  a  geological  survey  was 
authorized  and  he  was  appointed  geologist,  mineralogist  and 
assay er  for  the  State  on  December  21,  183 1.  This  position 
he  held  by  biennial  reappointment  until  it  was  abolished  by 
the  legislature  February  4,  1850.  His  salary  from  the  col- 
lege was  $1,000  per  year  and  from  the  State  $250  for  each 
of  the  first  two  years  and  thereafter  $500  per  year,  but  out 
of  the  latter  he  paid  his  traveling  and  other  field  expenses. 
Well  might  the  Board  of  Trustees  of  the  University  of  Nash- 
ville vote,  as  it  did,  to  defray  his  funeral  expenses,  and  well 
might  the  State  of  Tennessee  resolve,  as  it  has  not  yet  done, 
to  place  a  suitable  stone  over  his  unmarked  resting  place. 

Physically,  Dr.  Troost  was  short  and  thick-set  with  a  dis- 
tinctly German,  but  pleasant  and  benevolent  physiognomy. 
His  dress  was  somewhat  careless,  and  in  his  old  age  his 
hair  was  white.  His  manners  were  kindlv  and  courteous  and 
marked  by  unassuming  simplicity.  In  his  travels  over  the 
state  he  readily  won  the  friendship  and  regard  of  all  classes 
of  people  with  whom  he  came  in  contact.  In  his  speech  he 
retained  enough  of  his  native  Dutch  accent  to  render  his 
foreign  birth  apparent. 

As  a  college  professor,  he  seemed  always  provided  with 
a  storehouse  of  information  and  apt  illustration  and  would 
present  it  in  a  way  that  could  not  fail  to  interest.  He  would 
sometimes  start  to  examine  on  a  subject  and,  on  some  casual 
suggestion,  would  branch  off  into  a  lecture  instead  that 
would  be,  as  one  of  his  students  describes  it,  a  perfect  revela- 
tion. Many  of  his  students  regarded  their  contact  with  him 
as  the  most  valuable  experience  of  their  lives.  Though  usu- 
ally affable  and  benign,  he  could  on  occasion  be  blunt  of 
speech  and  with  aroused  ire  administer  stern  rebuke.     Es- 
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pecially  indignant  did  he  become  at  any  species  of  scientific 
quackery  or  ignorant  presumption. 

Though  a  hard  student,  he  was  not  a  recluse  but  was  a 
polished  man  of  the  world.  He  had  traveled  and  seen  much 
in  the  old  world  and  had  lived  among  the  savants  of  Paris 
and  mingled  on  easy  and  equal  terms  with  the  most  polished 
circles  of  the  city.  He  had  been  long  familiar  with  the  tone 
and  atmosphere  of  fashionable  society  and  never  lost  his 
fondness  for  the  endearments  of  social  life.  The  best  of 
husbands  and  fathers,  his  private  life  was  a  model  of  domes- 
tic happiness.  As  a  religionist,  he  belonged  to  fhe  denomin- 
ation known  in  Holland  as  Remonstrants  and  elsewhere  as 
Armenians. 

Dr.  Troost  was  a  scholar  as  well  as  a  savant  and  phil- 
osopher. He  was  well  acquainted  with  classic  and  general 
literature  and  was  master  of  several  languages,  ancient  and 
modern,  and  perhaps  there  were  but  few  works  in  Dutch,. 
German,  French,  or  English  on  any  branch  of  natural  science 
that  he  had  not  read  or  examined.  Numerous  references 
in  his  writings  show  that  he  kept  up  with  the  times  and  pur- 
chased the  scientific  works  of  his  day  in  which  he  was  inter- 
ested as  fast  as  they  appeared.  His  library  is  described  as 
large  and  judiciously  selected  and  abounding  not  only  in  the 
standard  works  on  science  in  the  several  languages  above 
but  also  in  valuable  engravings,  prints,  and  lithographs.  So 
far  it  has  been  impossible  to  obtain  any  trace  of  his  library 
to-day.  It  was  not  purchased  by  the  city  of  Louisville,  Ky., 
as  has  been  reported.  One  supposition  is  that  while  stored 
in  the  basement  of  the  capitol  here  the  boxes  were  broken 
open  and  it  was  scattered  or  stolen  piecemeal.  Another  is 
that  along  with  much  other  material,  it  was  carted  out  by 
the  Federal  troops  when  they  took  Nashville  during  the  civil 
war  and  burned  in  order  to  make  room  for  a  mess  hall  in 
the  basement  of  the  capitol.  Almost  no  private  letters  or 
other  of  his  personal  effects  are  left.  The  manuscripts  of 
one  or  two  of  his  geological  reports  are  on  file  in  the  office 
of  the  secretary  of  state  and  the  state  library  has  one  or  two 
vokimes  he  once  possessed. 

He  was  a  member,  active,  corresponding  or  honorary,  of 
a  large  number  of  scientific  societies  in  America  and  in  Eu- 
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rope.  The  title  to  the  address  alrea4y  mentioned  as  deliv- 
ered before  the  legislature  of  Tennessee  as  a  plea  for  estab- 
lishing a  state  geological  survey  names  a  number  of  societies 
to  which  he  belonged  and  in  the  appended  bibliography  this 
title  is  given  in  full  in  order  to  preserve  this  list.  To  it  the 
writer  can  add  that  he  was  also  a  member  of  the  Geological 
Society  of  Pennsylvania,  the  Geological  Society  of  France 
and  the  Geological  Society  of  Germany.  In  addition  to 
membership  in  scientific  societies,  he  was  a  Mason  of  high 
degree. 

It  is  difficult  to  form  a  just  estimate  at  this  day  of  Dr. 
Troost's  scientific  work,  largely  because  of  the  impossi- 
bility of  realizing  fully  the  conditions  under  which  lie  labor- 
ed. There  was  very  little  scientific  work  being  done  any- 
where in  America  in  181 1,  and  very  little  in  the  region  west 
of  the  Appalachian  mountains  between  1825  and  185a  His 
studies  with  Hauy  and  his  early  occupation  in  America  as  a 
manufacturing  chemist  made  him  a  skillful  crystallographer 
and  mineralogist  and  his  earlier  scientific  investigations  and 
published  papers  evinced  his  great  interest  in  these  subjects. 
Although  later  in  life  his  attention  was  largely  turned  to 
natural  history,  paleontolog\'  and  geology,  it  is  probable  that 
he  was  always  strongest  as  a  mineralogist,  though  his  mono- 
graph on  the  crinoids  of  Tennessee,  presently  to  be  noticed, 
would  if  puMished,  have  added  materially  to  his  prominence 
in  palcontol<*gy. 

His  interest  in  natural  history  which  had  already  led 
him  to  the  possession  in  1828  of  over  400  species  of  mounted 
birds  from  the  island  of  Java  alone,  increased  in  his  later  life, 
and  in  his  excursions  over  the  state  he  collected  natural 
history  specimens  as  eagerly  as  geological  ones.  He  be- 
came ]>articularly  interested  in  reptilian  life,  and  snakes  es- 
pecially became  a  hobby  with  him.  He  usually  had  several 
pet  ones  around  his  room  and  frequently  carried  one  or  more 
in  his  pockets.  Students  who  took  him  a  rare  specimen  of 
a  snake  won  their  way  at  once  into  his  good  graces.  Feath- 
erstonliauj^h  tells  of  Dr.  Troost's  traveling  on  top  of  a  stage 
coach  with  two  lar^e  rattlesnakes  in  a  basket  when,  the 
cover  coming  unfastened,  their  peering  heads  caused  a  pre- 
cipitate scattering  of  driver  and  passengers  on  top  and  with- 


^  ■     •^K^t^*'.^ 
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in.  Not  in  the  least  disturbed,  Troost  removed  his  coat, 
tied  it  over  the  basket  and  sought  to  quiet  the  fears  of  his 
fellow  passengers  by  the  advice,  "Gendlemen,  only  don't  let 
dese  poor  dings  pite  you  unt  dey  won't  hoort  you." 

He  was  also  interested  in  ethnology  and  found  in  Ten- 
nessee a  most  excellent  field  in  which  to  collect  and  study 
the  relics  of  the  mound-builders  and  other  aborigines,  speci- 
mens of  whose  handiwork  are  found  so  abundantly  and 
often  in  such  rare  and  interesting  forms  in  this  state. 

Some  of  the  rocks  of  Tennessee  are  highly  fossiliferous 
and  in  his  geological  work,  Dr.  Troost  had  abundant  oppor- 
tunity for  collecting  palemitological  material.  He  publish- 
ed a  number  of  articles  describing  the  new  species  found,  and 
lists  and  descriptions  of  fossils  were  added  to  several  of  his 
reports  as  state  geologist,  as  notably  the  fifth  report,  which 
is  often  referred  to  as  "Troost's  list.'^ 

Shortly  after  becoming  state  geologist  he  projected  a 
translation  of  Goldfuss'  Petrefacienkunde  and  arranged  to 
use  the  original  plates,  designing  to  add,  as  an  appendix,  de- 
scriptions and  plates  of  Tennessee  fossils.  Responses  to  the 
subscriptions  invited  were  too  few  to  justify  the  undertaking 
and,  the  State  having  declined  to  aid,  the  proposed  transla- 
tion was  reluctantly  abandoned. 

Dr.  Troost  became  especially  interested  in  the  crinoids 
of  Tennessee  and  finished  only  a  short  time  before  his  death 
a  monograph  describing  and  figuring  107  species  of  them. 
This  was  submitted  to  the  State  as  an  appendix  to  his  tenth 
report  but  its  publication  by  the  State  was  declined.  It  was 
then  submitted  to  the  Smithsonian  Institution,  which  accept- 
ed it  and  referred  it  for  revision  to  a  committee  consisting 
of  Prof.  Louis  Agassiz  and  Prof.  James  Hall.  The  manu- 
script was  received  by  the  Smithsonian  Institution  July  18, 
1850,  and  was  carried  to  Albany  by  Dr.  James  M.  Safford, 
along  with  the  specimens  and  placed  in  the  hands  of  professor 
Hall,  who  sent  them  to  professor  Agassiz  for  revision.  The 
subsequent  unfortunate  history  of  this  work  of  Dr.  Troost 
may  be  best  given  by  quoting  from  professor  Charles  Schuch- 
ert's  paper  "On  Siluric  and  Devonic  Cystidea  and  Camaro- 
crinus."* 


•Smithsonian  MIbo.   ColL.   Quart,  Innie,  vol.  2.  pp.  220  and  221.  1904. 
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"After  the  paper  had  remained  unreyised  by  Agassis  for  flTS 
years,  the  manuscript  was  turned  over  to  Hall  and  on  the  cover 
the  latter  wrote,  'received  from  Prof.  Agassis  in  Cambridge,  August 
23d,  1855,  James  Hall/  Many  years  later  Meek  made  enquiries 
at  the  Smithsonian  Institution  regarding  this  work  and  received 
the  following  reply: 

"Washington,  D.  C,  July  21,  1868. 

"My  Dear  Mr.  Meek: 

"I  can  tell  you  nothing  about  present  condition  of  Troost's 
paper  or  what  Prof.  Hall  has  done  or  will  do  with  it.  Nor  does 
Prof.  Henry  remember  anything  of  any  plan  or  arrangement.  We 
have  published  nothing  and  know  of  no  publication. 

•Sincerely  yours, 
F.  B.  Meek,  S.  P.  BAIRD. 

Springfield,  111." 

"Troost's  manuscript  and  fossils  remained  in  professor  Hall's 
possession  for  more  than  forty  years  and  the  matter  was  lost  sight 
of  by  the  Smithsonian  authorities.  After  professor  Hall's  death, 
the  writer  called  the  attention  of  the  National  Museum  authorities 
to  Troost's  manuscript  and  foLsils  still  remaining  at  Albany,  and 
finally  in  the  month  of  November,  1898,  the  acting  administrator 
of  the  Hall  estate  returned  to  Washington  294  specimens  and  the 
manuscript  and  drawings  for  107  species.  The  specimens  for  17 
species  are  still  missing.  In  the  Annual  Report  of  the  National 
Museum   for  1899,  p.  39,  is  the  following  statement: 

"As  a  matter  of  historical  interest,  it  may  be  noted  that  the 
Troost  collection  of  crinoidea,  which,  together  with  the  manuscript 
describing  them  and  the  drawings  for  107  species,  was  sent  by  the 
Smithsonian  Institution  to  professor  James  Hall  in  1853,  was  re- 
turned last  November  by  the  administrator  of  the  Hall  estate." 

"This  work  with  very  little  revision  could  well  have  been  pub- 
lished in  1850  and  most  of  Troost's  species  would  have  been  saved 
to  him.  However,  as  it  was  and  still  is  the  custom  of  the  Smith- 
sonian Institution  to  refer  all  manuscripts  submitted  for  publication 
to  a  committee  of  specialists  for  advice,  it  is  very  unfortunate  that 
the  work  was  thus  allowed  to  fall  into  neglect.  Since  1850  most 
of  the  species  have  been  described,  mainly  by  Hall,  but  what  are 
left  of  new  species  will  in  the  near  future  be  revived.  The  blas- 
toids  have  recently  been  reworked  by  Hambach  (Trans.  St.  Louis 
Acad.  Sci.,  1904),  and  the  only  cystid  is  described  in  this  paper." 

This  more  tlian  mere  neglect  of  James  Hall  in  keeping 
Troost's  manuscript  and  specimens  in  his  possession  over 
forty  years  while  he  described  from  time  to  time  under 
his  own  name  first  one  and  then  another  of  Troost's  species 
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as  they  came  to  his  hands  from  other  sources  has  worked  an 
injustice  to  Troost  that  cannot  now  be  remedied.  It  cannot 
now  be  known  whether  Hall  was  prompted  to  act  as  he  did 
simply  by  the  desire  to  take  for  himself  the  credit  of  describ- 
ing the  new  species  or  was  prompted  by  some  personal  feel- 
ing toward  Troost  since  the  latter,  as  was  well  known  then, 
strongly  deprecated  Hall's  custom  of  giving  local  names  to 
geological  formations  and  refused  to  use  these  names  for  the 
same  formations  as  they  occurred  in  Tennessee.  The  Smith- 
sonian Institution  has  promised  through  Prof.  Schuchert  as 
above  quoted,  to  render  what  partial  reparation  is  now  pos- 
sible by  the  early  revision  and  publication  of  the  memoir. 

Dr.  Troost's  museum  was  a  notable  one  for  its  time. 
Some  years  before  his  death  he  disposed  of  his  collections 
in  comparative  anatomy  and  sent  to  Europe  his  material 
in  zoology  and  botany.  At  his  death  it  contained  13,582 
specimens  of  minerals,  2.851  in  paleontology,  between  2,000 
and  3,000  rocks,  shells — not  numbered,  and  many  Indian 
dresses,  ornaments,  weapons,  and  relics  from  mounds.  Un- 
successful efforts  were  made  to  have  it  purchased  for  the 
University  of  Nashville,  then  by  the  city  of  Nashville,  and 
later  by  the  State.  It  was  finally  sold  in  1874  to  the  trus- 
tees of  the  public  library  of  Kentucky  after  examination  and 
recommendation  by  Dr.  J.  Lawrence  Smith  and  Dr.  Yandell. 
The  $20,500  paid  for  it  was  raised  by  five  lottery  drawings, 
the  "little  sin  in  the  matter  of  the  thing*'  being  excused,  as 
the  public  library  paper  of  Louisville  said,  by  the  great  good 
growing  out  of  it.  The  collection  is  at  present  housed  in 
the  library's  building  in  Louisville,  Ky. 

Th^  writer  understands  that  Dr.  J.  Lawrence  Smith 
ater  secured  the  meteorites  in  the  collection  from  the  trus- 
ees  of  the  library. 

As  a  geologist.  Dr.  Troost  had  done  considerable  work 
in  the  region  accessible  from  Philadelphia  while  a  resident 
there. 

Along  with  Lesueur  he  first  pointed  out  to  the  miners  in 
Missouri  the  true  nature  of  calamine  and  discovered  the 
existence  of  cobalt  ore  there.  He  early  delimited  the  coal 
area  of  Tennessee  and  directed  attention  in  his  various  re- 
ports to  many  of  the  mineral  resources  of  the  state  that 
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were  either  undiscovered  or  undeveloped.  It  is  impossible 
at  this  late  day  to  determine  the  extent  to  which  the  State 
has  been  benefited  by  his  work. 

Dr.  Troost  was  the  first  to  call  attention  to  the  de- 
posits of  marble  in  east  Tennessee  whose  development  has 
become  so  important  an  industry,  and  if  this  had  been  the 
only  result  of  his  work  the  state  would  have  been  amply 
repaid  for  all  of  the  expenditures  incurred  in  the  survey. 

Although  Dr.  Troost  soon  obtained  a  good  knowledge 
of  the  geology  of  Tennessee,  he  never  succeeded  in  unravel- 
ing the  complicated  structure  of  the  eastern  part  of  the  state. 
In  his  illustrated  sections  across  the  state  he  represented  the 
folded  and  faulted  beds  of  east  Tennessee  as  a  continuous 
series  from  the  North  Carolina  line  westward,  dipping  at  a 
uniform,  steep  angle  westward  beneath  the  Cumberland 
plateau  and  never  reappearing  in  middle  Tennessee  as  they 
are  known  to  do,  though  in  his  later  reports  he  recognizes 
the  rocks  of  middle  Tennessee  as  Silurian. 

He  was  wedded  to  the  old  European  classification  and 
although  he  at  last  came  to  use  fhe  terms  Cambrian  and 
Silurian  instead  of  grauwacke,  he  deprecated  the  day  when 
each  state  might  have  its  own  peculiar  set  of  geological 
names  based  on  local  terms  and  was  hardly  willing  to  admit 
that  there  was  any  merit  in  the  New  York  system. 

The  results  of  Dr.  Troost's  work  as  state  geologist 
were  embodied  in  ten  reports  made  to  the  legislature.  Sev- 
eral of  these  reports  were  never  published  and  those  that 
were  published  are  rarely  found  to-day.  There  is  much 
ignorance  concerning  certain  of  them. 

The  address  delivered  to  the  legislature  on  October  16, 
1831,  is  generally  regar  led  as  the  first  report  and  is  even 
catalogued  as  such  whereas  it  was  really  a  plea  for  the  estab- 
lishment of  a  survey.  The  first  report  was  presented  at  the 
called  session  of  the  legislature  in  1832  and  read  in  the 
House  on  September  t8,  1832,*  but  failed  to  be  ordered 
printed.  It  contained  a  general  account  of  the  more  promi- 
nent geological  features  of  the  state  so  far  as  then  known  to 
Dr.  Troost  and  a  particular  description  of  Davidson  county 
in  which  Nashville  is  situated  and  outlined  the  extent  of  the 

•  House  Jour.,  Called  Ses.  of  1832,  p  10. 
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coal  formations  of  the  state.  It  may  have  also  included  a 
description  of  parts  of  some  of  the  adjacent  counties,  in- 
cluded in  the  second  report.  An  extract  from  this  first  re- 
|x>rt  ^may  be  found  in  the  transactions  of  the  Greological 
Society  of  Pennsylvania,  vol.  i,  pp.  240-243. 

The  second  report  was  presented  at  the  regular  session 
of  the  legislature  in  1833  and  each  succeeding  report  was 
presented  at  the  biennial  sessions  which  followed  until  the 
tenth  and  last  had  been  made  in  1849.  1*^^  second  report 
embodied  the  results  given  in  the  first  report  along  with 
those  obtained  during  the  second.  This  report  was  referred 
to  a  committee  which  recommended  that  since  it  was  not 
like  the  usual  legislative  document  a  brief  summary  pre- 
pared by  them  be  published  instead.  Since  the  writer  has 
had  numerous  enquiries  for  this  report*  it  is  presented  here, 
and  reads  as  follows: 

*'Mr.  Nicholson  from  the  select  committee  on  statistics,  made 
a  detailed  report  in  writing,  which  was  read  at  the  clerk's  table 
as  follows,  to-wit: 

The  committee  have  ^juunined  the  report  made  to  this. house 
by  the  Geologist,  and  are  convinced  that  it  contains  valuable  in- 
formation to  the  citizens  of  the  state.  Its  length,  however,  in  the 
opinion  of  the  committee,  will  prevent  such  a  careful  perusal  by 
the  members  of  the  legislature  as  its  importance  demands,  and  on 
that  account  the  committee  thought  they  would  best  subserve  the 
interests  of  the  State  by  giving  a  brief  analysis  of  the  contents 
of  the  report 

ANALYSIS  of  the  Geological  description  of  Davidson,  Williamson 
and  Maary  conntieSf  accompanied  by  a  Geological  Map,  and  Sections  oi 
StratiBcation,  by  Dr.  G.  Troostj  Geologist  of  the  State  of  Tennessee: 

''After  having  sketched  in  an  interesting  preface  the  labors 
and  the  enjoyments  of  the  naturalist  who  investigates  the  structure 
of  the  crust  of  the  globe  he  inhabits,  and  after  having  examined 
the  first  causes  which  have  advanced  man  to  his  present  state.  Dr. 
Troost  describes  the  astonishing  progress  which  the  science  of 
geology  has  made  during  the  present  generation.    He  says: 

"Its  principal  founders  and  innovators  have  not  yet  all  left 
the  stage  of  this  life.  In  our  new  and  happy  country,  its  votaries 
are  not  only  vastly  increasing,  but  they  find  protectors  and  en- 
eouragement  from  our  first  and  most  eminent  men.  Several  of  our 
legislatures,  convinced  of  the  utility  of  geological  examinations, 
have  appointed  persons  to  investigate  the  structure  and  mineral 

•  HouM  Jour,  for  1888,  pp.  808-806. 
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resources  of  their  respective  states;  the  legislature  of  Tennessee 
was  among  the  first  that  have  distinguished  themselves  as  the 
patrons  of  this  science/' 

"Before  he  proceeds  to  give  a  regular  view  of  the  geology  of 
the  counties  of  Davidson,  Williamson  and  Maury,  he  gives  a  gen- 
eral outline  of  the  geology  of  the  greatest  portion  of  the  state. 
From  this  outline  the  committee  learn  that  we  may  count  several 
series  or  formations  of  rocks  in  the  state  of  Tennessee.  He  con- 
siders that  part  which  is  beyond  the  eastern  declivity  of  the  Cum- 
berland mountain,  as  belonging  to  what  geologists  term  the  Brst 
transition  or  i^ray  wacke  formation.  The  greater  part  of  the  Cum- 
berland mountain  he  considered  as  belonging  to  the  coal  forma- 
tionsy  of  which  he  has  given  the  extent  in  the  report  already  made 
and  read  to  the  House.  This  coal  formation  rests  on  a  series  of 
strata  of  oolitic  limestone .  This  oolyte  series  covers  the  limestone 
strata  which  prevail  in  the  three  counties  mentioned.  These  lime- 
stone strata  are  covered  with  a  series  of  agrillacebus  and  siliceous 
strata,  in  which  our  rich  deposits  of  iron  are  found,  and  which 
again  are  covered  towards  the  western  part  of  Tennessee  with  the 
Thiatyary   [sic]  formations. 

"After  having  given  this  precursory  view  of  the  geolog>'  of  the 
state,  Dr.  Troost  gives  a  detailed  description  of  the  geology  of  the 
three  counties  before  mentioned.  He  describes  with  much  pre- 
cision, the  different  strata,  their  accidental  minerals,  among  which 
he  enumerates  several  varieties  of  plaster-sulphate  of  baryteSy  and 
strontian  and  their  metallic  deposits.  The  part  of  the  description, 
now  before  the  coniniittee,  contains  only  one  description  of  such 
metallic  deposit,  viz.:  thjit  of  a  vein  of  lead,  which  promises  tn  be 
advantageous  to  its  proprietor.  He  is  also  very  particular  in  de- 
scribing what  he  calls  the  Sandstone  strata,  which  covers  the  lime- 
stone. T^iit.  as.  according  to  the  opinions  of  the  most  distinguished 
geologists,  the  relative  age  of  the  various  strata  can  be  determined 
only  from  the  imbedded  organic  remains  of  the  relics  of  successive 
generations  of  animals  and  plants,  and  as  experience  has  taught 
that  the  metallic  dei)Osits  differ  according  to  the  age  of  the  strata, 
so  for  instance,  Tin  is  only  found  in  the  oldest  or  lower  strata  and 
never  was  found  in  the  newer,  so  the  doctor  has  described,  with 
much  exactness,  these  remains.  In  an  appendix  to  his  labors,  he 
has  describ(Hl  about  5t)  species,  of  which  there  are  many  that  were 
not  described  before,  and  most  of  them  were  not  known  to  exist 
in   our   country. 

"The  committee  learn  from  the  report  of  Dr.  Troost  that  he 
has  commenced  an  analysis  of  the  various  soils,  and  that  it  is  his 
object  to  add  to  his  work  an  agricultural  and  chemical  description 
of  the  nature  of  the  different  soils.  When  this  object  shall  have 
bc»en  attained,  the  committee  believe  that  the  description  of  these 
counties  will  be  complete,  and  when  the  whole  state  shall  have 
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been  described  in  the  same  manner,  the  committee  believe  the 
whole  work  will  constitute  a  book  that  will  be  useful  to  the  State, 
and  particularly  useful  as  a  guide  for  the  study  of  geology,  which 
science  is  now  taught  in  the  University  of  Nashville  and  several 
other  colleges. 

"The  committee  consider  the  memoir  of  Dr.  Troost  as  highly 
worthy  of  publication,  but  as  the  production  is  not  of  a  character 
similar  to  the  generality  of  the  legal  documents  which  have  been 
presented  to  the  legislature,  it  being  accompanied  with  a  map  and 
profiles  of  stratification  which  cannot  be  executed  in  this  state, 
the  committee  deem  it  advisable  to  leave  the  publication  to  be 
conducted  by  the  author  himself." 

• 

In  searching  the  manuscript  legislative  records  in  the 
office  of  the  secretary  of  state,  the  following  document  was 
found.  It  is  not,  as  its  title  would  indicate,  the  second  re- 
port but  a  partial  summary  accompanying  the  report  which 
is  itself  not  on  file.  Along  with  the  legislative  committee's 
analysis  above,  it  gives  a  good  idea  of  the  contents  of  this 
unpublished  second  report.  His  observations  on  the  soils 
of  the  three  counties  examined  are  appended  to  his  third 
report  and  the  geological  map,  perhaps  further  improved, 
is  contained  in  his  seventh  report.  The  document  is  as  fol- 
lows: 

Aunnal  report  ofG.  Troost,  geologist  and  assayer  of  the  State  oi  Tenn- 
essee lor  the  year  1833. 

"I  beg  leave  to  lay  before  your  honorable  body  an  account  of 
my  labours  as  geologist,  etc.  of  the  state.  The  adjoined  pages 
and  map  contain  the  geological  description  and  a  delineation  of 
Davidson,  Williamson  and  Maury  counties.  Nothing  is  as  yet 
known  of  the  geology  of  the  interior  of  North  America.  I  have 
therefore  endeavored  to  describe  minutely  the  various  strata  which 
I  have  been  able  to  examine  in  the  three  counties.  I  have  accurate- 
ly described  the  accidental  substances  and  organic  remains  im- 
bedded in  the  limestone  and  sandstone.  To  exhibit  to  the  L-arned 
world  our  true  geological  position,  I  was  forced  to  enter,  in  de- 
scribing these  accidental  substances,  into  long  details,  particularly 
respecting  the  organic  remains,  which  are  considered  as  charac- 
terizing the  strata.  My  labour  in  this  respect  is  not  yet  complete 
— the  number  of  organic  remains  which  I  have  collected  in  my 
excursions  is  so  great,  that  I  was  not  able  properly  to  examine  and 
describe  them  all.  My  intention  is  to  render  that  part  of  my  re- 
search as  complete  as  may  be  in  my  power,  a  description  of  our 
fossils  being  a  great  desideratum  for  the  European  geologists.    It 
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is  also  necessary  in  order  to  make  this  part  properly  understood 
that  when  published,  it  should  be  elucidated  by  representations  ot 
those  which  never  have  been  described,  and .  having  been  disap- 
pointed in  my  expectations  of  haying  them  engraved  my  labours 
are  also  imperfect  in  that  respect. 

'7n  describing  the  accidental  minerals  occurring  in  the  strata, 
I  speak  of  their  metallic  deposits.  I  have  been  particular  in  exam- 
ining all  places  where  any  traces  of  them  did  make  their  appear- 
ance and  have  given  my  opinion  as  to  the  probable  extent  of  these 
valuable  materials  which  must  eventually  form  one  of  the  sources 
of  our  prosperity. 

"Next  in  consideration  comes  the  nature  of  the  soil,  after  hav- 
ing pointed  out  its  probable  origin,  whether  produced  by  an  alluvion 
deposited  by  rivers  actually  existing,  or  by  an  old  alluvion,  de- 
posited by  other  causes;  or  merely  by  the  disintegration  of  the 
rocks.  I  investigated  its  chemical  composition,  and  its  fitness  for 
various  agricultural  purposes.  I  collected  thei'efor  all  the  infor- 
mation I  could  from  our  experienced  agriculturalists,  situated  on 
the  different  soils  and  ascertained  the  quality  and  quantity  of  their 
various  crops.  I  have  in  this  respect  for  the  present,  made  only 
a  few  analyses  and  collected  as  yet  only  a  few  notes  which  are  not 
yet  arranged  but  will  be  ready  for  publication.  The  knowledge  of 
the  nature  of  our  soil  cannot  be  otherwise  than  interesting  to  the 
immigrating  part  of  our  inhabitants,  therefore  although  that  part 
does  not  belong  to  Kt'ology  properly  speaking,  I  have  thought  it  of 
too  great  Importance  to  omit  it. 

"My  excursions  during  the  spring  of  this  year  have  been  to- 
ward the  northeast  as  far  as  Abingdon  in  Virginia.  I  wanted  to 
Ix'coine  acquainted  with  the  formation  of  that  part  of  the  country 
so  rich  in  salt  and  i)laster  in  order  to  see  whether  it  extends  into 
our  stntr  or  whethrr  similar  formations  though  jiot  connected 
with  tiiai  of  Virj^inia  obtain  in  Tennessee:   as  to  the  first  part  at 

» 

these  inquiries  I  am  convinced  of  the  negative  and  the  second  must 
be  ascertained  l)y  future  investigations. 

"In  that  excursion  I  crossed  the  coal  formation  of  our  state  in 
anoth«'r  direction  than  I  had  done  in  my  former  excursions,  and  I 
am  now  convinced  that  it  is  very  extensive. 

"Althouj^h  I  am  still  iimorant  of  all  the  geological  details  of 
the  coal  strata,  which  1  will  investigate  when  I  shall  survey  each 
coimty  separately,  T  am  neverthcdess  prepared  to  say  that  the 
coal  formation  makes  its  ai)pearance  in  the  southern  extremity  of 
the  Cumberland  mountains  where  It  crops  out  near  the  Tennessee 
river  in  both  ridges  w^hlch  enclose  the  Sequatchy  valley.  It  runs 
thence  in  a  northern  direction  to  the  east  of  thp  Crab  Orchard 
mountain  where  It  is  associated  with  excellent  iron  ore.  Continu- 
ing in  the  direction  of  the  mountain  towards  the  east  and  north* 
or  rather  following  the  right  bank  of  Obiers  river,  it  crops  out  at 
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^  several  places,  as  at  Hinlopen  in  Overtoil  and  also  Fentress  counties 
where  the  coal  formation  seems  to  have  its  greater  extent,  run- 
ning easterly  through  Campbell,  Morgan  and  perhaps  Anderson 
counties  as  far  as  the  eastern  declivity  of  the  Cumberland  moun- 
tains, where  again  it  crops  out  at  several  places.  In  tAct  wherever 
the  sandstone  forms  the  upper  stratimi  in  these  counties  coal  may 
be  found  by  boring. 

"This  excursion  ha^  convinced  me  still  more  of  the  mineral 
richness  of  the  eastern  part  of  our  state.  In  Claybome  couhty  be- 
tween Clinch  and  Powell's  rivers  is  a  vein  of  zinc  and  lead  ores. ' 
The  finest  marbles  abound  everywhere.  Carter  and  Washington 
counties  are  rich  in  metallic  deposits  and  several  iron  works  are 
in  operation. 

"In  a  former  excursion  I  ascertained  the  general  geological 
features  of  the  western  part  of  this  state.  As  the  autumn  is  bet- 
ter calculated  to  travel  through  this  part,  I  shall  examine  some 
parts  of  it  more  minutely  during  the  months  of  October  and 
November  of  this  year  and  again  take  the  spring  for  east  and  mid- 
dle Tennessee. 

"Although  I  have  collected  a  large  number  of  geological  facts 
relating  to  the  different  parts  which  I  have  visited,  I  am  never- 
theless not  yet  ready  to  report.  It  requires  in  order  to  do  this  a 
more  minute  examination  than  I  have  been  able  to  bestow  upon  it, 
and  this  will  form  the  subject  of  a  subsequent  report. 

"If  the  subjoined  descriptions  be  considered  by  your  honorable 
body  worthy  of  publication,  I  shall  wish  to  have  the  manage- 
ment of  It  myself,  as  it  will  be  necessary  to  have  the  map  en- 
graved and  the  proofs  properly  corrected — besides  several  addi- 
tions are  yet  to  be  made,  before  it  is  fit  to  appear  before  the  public. 
As  I  have  mentioned  above,  notes  on  the  nature  of  the  soil  are 
wanting,  some  of  these  analysis  are  still  to  be  performed  and  I 
may  yet  be  able  to  add  a  few  more  descriptions  of  our  fossils  or 
some  other  natural  production  of  our  state." 

The  third  report  describes  the  extent  of  the  coal  fields 
in  the  state,  discusses  the  marl  now  known  as  the  rotten 
limestone,  and  the  soils  of  the  state  and  concludes  with  a 
brief  notice  of  iron  furnaces  and  iron  ores.  There  is  sub- 
joined from  the  unpublished  second  report  the  result  of  the 
investigations  of  the  soils  of  Davidson,  Williamson  and 
Maury  counties. 

The  fourth  report  opens  with  an  exposition  of  the 
principles  of  geology  and  a  brief  description  of  the  rocks 
characteristic  of  each  of  the  divisions  from  primordial  to 
Tertiary.     The  report  proper  describes  the  Ocoee  district 
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which  he  had  been  instructed  by  the  legislature  to  examine. 
He  calls  attention  to  the  roofing  slates  of  east  Tennessee 
and  describes  the  search  for  placer  gold  then  carried  on  in 
a  few  places  in  the  Ocoee  region  with  indifferent  success. 
He  suggests  that  the  Tennessee  river  once  cut  across 
Walden's  ridge  and  flowed  down  the  Sequatchie  valley.  In 
a  note  there  is  added  a  list  of  the  fossils  he  had  found  in  the 
mountain  limestone  of  the  state. 

In  his  fifth  report,  Dr.  Troost  gives  in  some  detail  a 
general  description  of  the  geology  of  the  whole  state,  and 
continues  his  account  of  the  soil  and  mineral  resources  of 
the  counties  by  a  description  of  Cocke  county  in  which  much 
attention  is  given  to  the  iron  ores.  Iron  furnaces  and  iron 
ore,  elsewhere  are  noticed  briefly  and  mention  is  made  of 
silver  ore  and  mineral  waters.  In  an  appendix  116  species 
of  fossils  are  listed  and  a  number  of  them,  especially  the  new 
species,  are  described  at  some  length. 

In  the  sixth  report  the  general  geology  of  middle  and 
east  Tennessee  is  redescribed  in  the  light  of  the  work  of 
Sedgwick  and  Murchison  and  the  terms  Cambrian  and 
Silurian  substituted  for  grauwacke.  The  rocks  of  middle 
Tennessee  arc  referred  to  the  Silurian  and  the  fossils  found 
in  them  are  listed  and  some  of  them  described.  A  descrip- 
tion of  Sevier  county  is  given  and  attention  is  called  to  its 
roofing  slate. 

The  seventh  report  gives  a  detailed  description  of  the 
^enloj^y  of  Davidson  county  with  numerous  references  to 
the  occurrences  of  the  same  strata  in  adjoining  counties.  An 
account  is  j^ivcn  of  the  greensand  of  McNairy  and  adjoining 
counties  and  a  list  of  the  reptiles  and  of  the  fresh  water 
shells  of  the  state  is  added.  In  a  supplement  a  brief  account 
is  given  of  the  lead  and  zinc  ores  of  east  Tennessee. 

The  eighth  report  describes  several  routes  by  which  a 
railroad  from  Nashville  to  Chattanooga  could  be  constructed 
and  directs  attention  to  the  coal,  iron  and  limestone  of  the 
region  that  would  be  traversed  by  the  road.  In  obedience 
to  a  resolution  of  the  legislature  a  report  on  the  marble,  or 
rather  limestone,  of  Caney  fork  is  added. 

The  first  part  of  the  ninth  report  contains  a  description 
of  Jefferson  county  and  the  second  part  gives  an  adcount 
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of  the  zinc  ores  of  the  state,  and  describes  the  methods  of 
reducing  them  and  of  manufacturing  brass. 

The  tenth  report  was  presented  to  the  House  on  J^- 
uary  12,  1850*  and  seventy-five  copies  were  ordered  to  be 
printed  for  the  use  of  the  House.  No  edition  was  ever  pub- 
lished and  neither  the  manuscript  copy  nor  any  of  the  copies 
printed  for  the  House  can  now  be  found.  Dr.  Troost's 
monograph  on  the  Crinoidea  was  also  submitted  to  the 
legislature  at  the  same  time  and  a  memorial  praying  aid  in 
its  publication  was  introduced  but  was  defeated.  The  report 
itself  was  very  probably  brief  since  the  American  Journal  of 
Science  in  noticing  it  mentions  only  the  monograph  on  crin- 
oids.  Its  information  was  derived  from  a  letter  from  Dr. 
Troost  himself. 

The  nature  and  variety  of  Dr.  Troost's  other  writings 
may  be  gathered  best  from  th^  appended  bibliography,  which 
has  been  made  as  complete  as  possible,  especially  as  regards 
his  geological  reports. 

A  few  family  data  may  be  added.  Dr.  Troost  was  a 
son  of  Everhard  Joseph  Troost  and  Anna  Cornelia  van 
Haeck.  On  January  14,  181 1  he  married  Margaret  Tage 
who  was  born  in  Philadelphia  September  12,  1790.  Their 
children  were  Caroline,  born  in  Philadelphia,  December  6, 
181 1,  and  Lewis  born  at  Cape  Sable.  Md.,  May  26,  181 8.  His 
wife  died  at  Cape  Sable,  Md.,  August  3,  1819.  His  second 
wife,  Mrs.  O'Reilly  of  Philadelphia,  survived  him  a  number 
of  years.  He  had  a  brother,  Dr.  Benoit  Troost,  some  years 
his  junior,  who  lived  in  Kansas  City,  Mo.  His  son  Lewis 
has  left  one  child,  a  Mrs.  Parker,  Hving  in  or  near  Mobile, 
Ala.  His  daughter  Caroline  married  Albert  Stein.  They 
removed  to  Mobile,  Ala.,  and  Mr.  Lewis  Stein  of  Spring  Hill. 
Ala.  is  one  of  their  descendants. 

He  sleeps  in  an  unmarked  and  neglected  grave  in  an 
obscure  corner  of  the  old  city  cemetery  of  Nashville.  The 
State  will  be  asked  at  the  coming  session  of  the  leg^islatnre 
to  place  an  appropriate  marker  over  his  grave  and  thus 
rescue  from  oblivion  the  last  resting  place  of  one  who  gave 
much  of  his  time  and  skill  to  the  service  of  the  State  in 
making  known  the  existence  or  extent  of  natural  resources 

•  House  Jour,  for  1849-'60,  p.  669. 
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whose  later  development  has  brought  wealth  and  prosper- 
ity to  their  fortunate  possessors.  The  portrait  herewith 
reproduced  is  from  a  portrait  in  oil  belonging  to  the  Ten- 
nessee Historical  Society. 
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and  evidently  printed  from  the  same  forms  is  the  copy  in  Sen. 
Jour.   1841-42.   App..  pp.   155-183,   Knoxville,   1841. 

1S44.  Seventh  Geological  Report  to  the  Twenty-fifth  General 
Assembly  of  the  State  of  Tennessee.  Made  November,  1843.  45 
pp.,  colored  map.  8",  Nashville,  1844. 

Map  is  colored  geological  one  of  Davldixon,   Williamson  -mnd 
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Maury  counties.  The  report  without  map  was  also  published  with 
the  following  heading:  "Seventh  Geological  Report,  November^ 
1843."  House  Jour.,  1843-44,  App.,  pp.  133-163.  KnoxviUe,  1844. 
Also  in  identical  form  in  Sen.  Jour.,  1834-44,  App.  pp.  133-163,  8"*, 
Knoxville,  1843.  [?] 

1845.  An  account  of  some  ancient  [human  and  other]  remains 
in  Tennessee.    Amer.  Ethnol.  Soc.  Trans.,  I,  pp.  355-305.     1845. 

1845.  Eighth  Geological  Report  to  the  Twenty-sixth  General 
Assembly  of  the  State  of  Tennessee.  Made  November  1st,  1845, 
20  pp.  8°,  Nashville,  1845. 

Also  published  with  following  heading:  "Report  of  the  Geolo- 
gist of  the  State,  submitted  to  both  House  [sic]  of  the  General 
Assembly."  House  Jour.,  1845-46,  App.  pp.  65-76,  Nashville,  1846. 
Also  in  identical  form  in  Sen.  Jour.,  1845-46,  App.,  pp.  65-76,  Nash- 
ville, 1846. 

1845.  (1)  Description  of  a  mass  of  Meteoric  Iron,  which  fell 
near  Charlotte,  Dickson  County,  Tennessee,  in  1835;  (2)  Of  a  mass 
of  Meteoric  Iron  discovered  in  DeKalb  County,  Tenn.;  (3)  of  a  mass 
discovered  in  Green  County,  Tenn.;  (4)  Of  a  mass  discovered  in 
Walker  County,  Alabama.  Amer.  Jour.  Sci.,  vol.  49,  pp.  336-346, 
1845. 

1846.  Description  of  the  varieties  of  meteoric  iron. — (1)  from 
near  Carthage,  Smith  County,  Tennessee;  (2)  from  Jackson  County, 
Tennessee;  (3)  from  near  Smithland,  Livingston  County,  Ken- 
tucky.    Amer.  Jour.  Sci.,  2**,  Ser.  vol.  2,  pp.  356-358,  1846. 

1847.  Description  of  varieties  of  meteoric  Iron.  Edinburg  New 
Phil.  Jour..  42,  pp.  371-373,  1847. 

1848.  Description  of  a  mass  of  Meteoric  Iron,  discovered  near 
Murfreesboro,  Rutherford  County,  Tenn.  Amer.  Jour.  Sci.,  2°,  Ser. 
vol.  5,  pp.  351-352,  1848. 

1848.  Kraurite  and  Cacbxene  in  Tennessee.  Amer.  Jour.  Sci., 
2°  Ser.  vol.  5,  p.  421,  1848. 

1848.  Ninth  Geological  Report  to  the  Twenty-seventh  General 
Assembly  of  the  State  of  Tennessee  made  November,  1847,  39  pp., 
2  pi.,  8°,  Nashville,  1848. 

Also  published  with  the  following  heading:  "Ninth  Geological 
Report.  To  the  General  Assembly  of  the  State  of  Tennessee." 
House  Jour.,  1847-48,  App..  pp.  143-168.  2  pi.  Knoxville,  1848.  Pub- 
lished in  a  third  form  with  following  heading:  "Ninth  Geological 
Report  to  the  General  Assembly."  Sen.  Jour.,  1847-48,  App.,  pp.  315- 
341.  2  pi.  Nashville,  1848. 

1849.  Geographical  [sic]  Survey  of  Tennessee.  Amer.  Jour. 
Sci.,  2*^,  Ser.  vol.  8,  pp.  419-420,  1849. 

An  editorial  note  giving  substance  of  a  communication  from 
Dr.  Troost  that  his  Geological  Report  now  before  the  Legislature 
of  Tenn.  contains  a  monograph  of  the  Crinoidea  of  the  state  de- 
scribing six  new  genera  and   88   new  species,  illustrated  by  220 
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figures.    List  appended  is  nearly  the  same  as  one  in  Proc.  Amer. 
Assn.  Adv.  Soi. 

1860.    List  of  Tennessee  Crinoids.    Jahrb.   for  iCin.   Ac  Jahry. 
1850,  pp.  376-377. 

1850.    List  of  Tennessee  Crinoids.    Jahrb.  for  Mln.  Ac  Jahrg. 
Assn.  Adv.  Sci.,  vol.  2,  pp.  59-62,  1850. 

List  gives  88  new  species  and  16  new  genera,  all  being  Silurian. 

1850.    Monograph  on  Crinoids  (?)  disooTered  in  the  state  of 
Tennessee  by  Dr.  G.  Troost.    Ms.  in  U.  S.  National  Museunu 
Vanderbilt  Unwerstty » 


IN0TE8    ON    SOME    ROCKS    AND    MINERALS    FROM    NORTH 

GREENLAND  AND  FROBISHER  BAY. 

By  B.  K.  Emibsov,  Amheral,  MaM. 

PLATE    VL 

Introduction  — A  large  box  of  rocks  collected  by  Mr.  I. 
I.  Hayes,  at  and  around  Port  Foulke*  came  into  the  posses- 
sion of  the  Amherst  College  cabinet,  presented  by  professor 
Edward  Tuckerman,  to  whom  the  box  was  sent  by  Dr.  Tor- 
rev  because  of  the  lichens  with  which  the  rocks  are  covered. 

From  the  scattered  notices  in  the  account  of  Dr.  Hayes' 
expedition  it  is  clear  that  the  Archaean  rocks  of  the  moun- 
tain ridg^es  are  flanked  along  the  eastern  shore  of  Smith's 
sound  by  an  extensive  series  of  sandstones  and  limestones 
cut  by  heavy  dykes  of  dark  igneous  rocks. 

The  rocks  examined  are  without  especial  labels  except 
one  upon  which  is  written,  "Picked  up  by  Jensen  while  oflP 
on  a  hunt  after  reindeer,''  but  I  am  quite  sure  that  the 
pieces  described  below  came  from  the  near  vicinity  of  the 
-winter  quarters  of  the  expedition  at  Port  Foulke,  both  from 
their  large  size,  and  the  great  number  of  pieces  of  the  same 
rock  present,  and  from  the  fact  that  I  have  for  comparison 
rocks  from  Etah  bay,  Sontag's  grave,  and  all  the  other  local- 
ities in  the  neighborhood  mentioned  in  Dr.  Hayes*  narrative^ 
which  with  full  labels  affixed  were  found  in  a  box  of  rocks 
packed  by  the   Arctic  explorer,  C.    F.  Hall    in    Kotzebue 
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sound  on  his  first  journey,  and  which  I  have  described  in 
connection  with  Hall's  coUectiotis.t 

I  have  not  been  able  to  explain  how  these  rocks,  labeled 
by  some  member  of  Dr.  Hayes'  party  in  North  Greenland, 
came  into  the  possession  of  Hall  in  Rescue  harbor,  but  a 
comparison  of  them  with  the  series  recently  obtained  makes 
it  quite  certain  that  these  specially  mentioned  beloW  all 
came  from  Port  Foulke. 

CRYSTALLINE  SCHISTS  AND  GRANITES. 

The  collection  contains  coarse  granites  in  great  abund- 
ance and  variety,  especially  coarse  flesh-colored  micaless 
granites,  large  masses  of  pink  quartz  and  of  orthoclase,  more 
rarely  fine  grained  gneisses,  mica  schists,  granulytes^  albite 
aplyte,  hornblende  schists,  fissile  and  massive  quartzytes,  all 
in  no  wise  peculiar  with  the  exception  of  one  and  that  the 
most  abundant  variety,  which  merits  attention  both  for  it- 
self and  for  the  minerals  which  it  contains.  Several  larg^e 
pieces  of  the  rock  occur  in  the  collection  and  specimens  of 
the  same  from  both  sides  of  the  bay  were  present  in  Hall's 
collection.  In  its  commonest  form  the  rock  is  a  coarse  red 
granite,  a  deep  red  orthoclase  making  up  half  its  mass  and 
large  dark  red  garnets  1-4  cm.  in  diameter  the  other  half. 
The  latter  are  often  only  shells  of  garnet  material  which 
have  compelled  granular  masses  of  quartz  and  a  bronze- 
colored  mica  to  assume  the  form  of  the  trapezohedrpn.  The 
garnets  are  often  changed  into  a  massive  black  green  chlor- 
ite.    Quartz  and  mica  are  rare  in  the  mass  of  the  rock. 

In  other  pieces  the  feldspar  is  gradually  replaced  by  a 
rich,  deep-blue  quartz  and  the  rock  grades  on  the  one  side 
into  a  blue  highly  crystalline  gneissoid  granite  in  which  at 
last  the  feldspar  so  entirely  and  the  mica  so  nearly  disap- 
pears— the  latter  remaining  wholly  in  broad  wavy  films  upon 
the  distant  foliation  faces,  and  much  decomposed  into  ,a 
blackish-green  chloritic  material — that  the  rock  becomes  a 
massive  blue  crystalline  quartz  in  layers  I'yi  inch  thick  and 
of  great  beauty;  or  on  the  other  hand  into  a  very  even, 
medium  grained  mixture  of  cobalt  blue  quartz  and  a  rich 
bronze-colored   mica.     The   quartz  contains   long,   straight 

tNoUMB,  Narrative  of  the  Second  Expeduicn  made  by  C,  F.  Hall,  Washingrton. 
1S79,    Appendix. 
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microlites,  only,  .008  mm.  in  cross  section,  which  appear 
black  by  transmitted  light.  They  may  be  all  rutile  since 
this  mineral  is  common  in  the  biotites  forming  a  sagenitic 
network  so  thick  as  to  make  them  sometimes  opaque. 

The  section  contains  here  and  there  trains  of  large  cavi- 
ties with  motionless  bubbles.  The  whole  section  is  evenly 
dusted  with  minute  brown  ragged  scales  (which  seem  to  be 
biotite)  except  in  a  somewhat  regular  network  of  branching 
bands,  which  do  not  coincide  with  partings  between  the 
quartz  grains. 

Another  similar  specimen  of  the  coarse  quartz-biotitc 
rock  is  of  a  much  deeper  cobalt  blue  and  differs  very  mate- 
rially in  thin  section  from  the  preceding.     The  microlites  and 
sheets  of  cavities  are  wanting  and  the  quartz  is  full  of  the 
same  minute  flat  ragged  scales  of  a  reddish  mineral  appar- 
ently biotite.     Scattered  irregularly  in  the  quartz  ground  are 
quite  large   grains  of   deep  hkie  spinel,  often  black  except  on 
the  edges.     A  similar  bhic  spinel  occurs  at  Frobisher's  bay  in 
a  rock   consisting  mostly  of  phlogopite  and  calcite  which 
makes  part  in  an  Archaean  limestone,  and  we  may  possibly 
assume  these  grains  and  crystals  lo  have  been  derived  by 
the   granite   from   an   ancient   crystalline   limestone.     These 
grains  are    uniformly  surrounded    bv  a  red    brown    biotite 
sometimes  in  a  narrow  frill  of  small  plates,  sometimes  in  a 
broad  border   of  coarse  plates.         These  always   show   the 
stronj^est  indications  of  resorption.     Large  round  grains  of 
a  black   ore   till  the  outer   portion   of  the   mica  plates  and 
]L,^atluT  in  the  interior  in  strongly  developed  beaded  rods  or 
fusiform  sha])es.  (often  occupying  the  prismatic  cleavage  and 
the   diagonal  ther(.-t(\ — the   lines   of  the    percussion    figure) 
which   become   so  abundant  as   to   make  the   plate   opaque. 
These  halls  extend  beyond  the  Vi\j:::i^  of  the  mica  plate  and 
even  ai>])ear  a])art  from   the  mica  in  round  areas  as  if  the 
mica  had  been  wholly  resorbed. 

Manv  beautiful  blue  prisms  radiate  from  the  spinel  or 
lie  isolated  ni  the  mica  frill.  They  are  rhombic,  have 
strong  al)son)tion,  reddish  violet  ])arallel  with  the  prism, 
rich  ultramarine  blue  and  colorless  at  right  angles  to  the 
same.  Thev  seem  to  be  dumortierite  prismatic  parallel  to 
fi  OT  a  * 

•Mon.   V.   S.   O.   8.   xxlx.  p.   28,  1898. 
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*Thl8  article  was  written  many  years  ago  and  mislaid.  Since 
then  the  question  of  the  cause  of  the  blue  quartz  so  common  In 
the  Archaean  has  interested  me  and  this  quartz  is  so  generally 
without  Inclusions  and  strongly  strained  that  I  have  considered 
the.  cclor  to  result  from  this  strain,  especially  since  the  blue  color 
can  be  sometimes  seen  to  disappear  when  the  strain  is  relieved 
by  Assuring.  So  long  ago  as  1822  Cleveland  cites  many  localities 
of  the  mineral.  It  Is  found  in  Bohemia,  Macedonia,  etc.;  in  the 
United  States;  in  Virginia:  near  the  Blue  Ridge,  in  Amherst  and 
Campbell  counties  in  amorphous  masses  (T.  D.  Porter).  In  Penn- 
sylvania: Chester  county;  and  near  Ablngton,  Montgomery  county. 
Is  found  an  amorphous  blue  quarts  (Seybert).  About  two  miles 
west  from  West  Chester,  It  contains  zircon  (Lea).  P.  Cleaveland, 
(Treatise  on  Mineralogy  and  Gtoology,  2d  Bditlon,  1822,  I,  p.  237.) 

Keith  reports  it  from  the  Catoctln  belt  as  the  constant  ao* 
companiment  of  the  pre-Cambrian  granite  in  a  small  portion  of  Its 
extent.  At  certain  points  the  blue  quartz  granite  is  not  peculiar 
microscopically,  but  Is  macroscoplcally  striking  from  the  brilliancy 
of  its  color.  The  blue  quartz  Is  in  original  crystals  and  in  veins 
and  patches. 

I  have  found  the  mineral  everywhere  characteristic  of  the  pre- 
Cambrian  rocks  of  western  New  Bngland  and  western  Sweden.  In 
eastern  central  New  Bngland  post-Carboniferous  blue  quartz  gran*' 
Ites  occur  and  I  have  recently  described  beautiful  pre-Carbonlferous 
blue  quartz  porphyries  from  East  Greenwich,  R.  I.  I  have  seen 
similar  porphyries  In  Finland. 

It  is  curious  that  this  deepest  colored  blue  quartz  should  con- 
tain cobalt  ores,  deep  blue  spinel  and  the  rich  blue  dumortierite. 
The  two  last  may  contribute  to  the  blue  color  making  it  deeper 
than  usual  but  they  do  not  explain  the  phenomenon  in  its  wider 
appearance. 

The  broad  biotite-dumortierite  border  seems  to  have 
been  formed  by  the  solvent  action  of  the  heated  alkali-silica 
solutions,  and  then  to  have  been  in  large  measure  resorbed. 

Spots  of  millerite  spread  through  the  rock  in  thick 
curved  sheets  as  if  it  replaced  the  mica.  It  gives  with  the 
blowpipe  reactions  for  sulphur  and  nickel  alone,  has  H.  3.5, 
is  very  brittle  and  gives  a  dark  streak.  Exceptionally  large 
cleavage  pieces  a  quarter  of  an  inch  across  were  obtained. 
The  cleavage  is  nearly  perfect  parallel  to  a  rhonibohedron 
of  144  degrees  15  minutes  a  mean  of  several  measurements 
with  reflecting  goniometer.  The  cqlor  is  bright  brass  yel- 
low. 

•  An.  Rep.  U.  &  G.  B.,  xiv,  p.  100,  pi.  niv. 
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Erythrite,  annabergite  in  thick  crusts,  and  a  very  beauti- 
ful bunsenite  accompany  the  sulphides  and  have  resulted 
from  their  decomposition.  All  these  minerals  were  des- 
troyed in  the  burning  of  the  Amherst  College  collection. 

Sedimentary     Rocks— ^w^^     massive     sandstones,     with 
the  finest  ripple  marks,  red,  well-bedded,  pebbly  sandstones, 
and  buff,  slaty  sandstones  are  very  abundant,  and  the  latter 
occur  also  somewhat  indurated  and  finely  jointed,  or  baked 
masses  of  a  thick-bedded,  buff,  cherty  limestone.     The  figr 
ure  shows  a  curious  banded  concretionary  structure  in  deeper 
shades  resembling  the  landscape  marble  from  Cotham  in 
England.     It  is  a  distinct  schHeren  structure  in  a  sediments 
ary  rock,  as  if  a  heavier  layer  had  settled  upon  a  lighter,  and 
the  latter  had  at  stated  points  risen  up  into  the  former.     The      \ 
Hnes  of  flow  marked  by  a  delicate  banding,  and  expanded  out* 
wardly  into  a  fan  structure.     See  analysis  I. 

Grey  limestones  with  traces  of  brachioi)ods  and  Iarg€ 
pieces  of  chert  accompany  the  sandstones  and  closely  rej- 
.seni])le  the  liniestone  of  the  Niagara  period  from  the  Parry 
ishinds,  while  the  sandstones  have  been  compared  by  Mc^ 
Clinluck  to  the  series  in  Byane,  Martin's  island,  which  arc 
referred  by  ILou^i^lUnn  to  the  base  of  the  Carboniferous.^ 
The  sandst<»nes  here  descril)ed  resemble  closelv  the  New 
Y()rk  Pnlsdam.  and  seem  to  form  a  fringe  along  the  Archr 
ean  hiLdiis  Id  the  north  and  south  of  Port  Foulke,  as  the 
fornur  dn  arr»uiid  the  ninuntaiiis  of  northern  New  York. 

<  )iie  lar;^a*  piece  of  the  limestone  has  still  attached  to 
it  a  mass  ^A  chert  i)f  a  i)ale  leek-green  color,  of  fine  con* 
choirjal  fracture  and  ])()rcellanous  appearance,  and  many 
larj^e  ])ieces  i^\  the  same  rock  occur  in  the  collection.  The 
rock  resenihles  s»»  exactly  a  com])act  felsyte  tufa  that  I  had 
thought  it  at  first  fnMn  its  niacroscopical  appearance  to  be 
such.  Inn  it>  iiifusihility.  and  relation  to  the  Hmestone,  and 
the  fact  that  it  resembles  also  almost  ec|ually  well  slides  of 
chert  and  horiistoiuN  determined  its  reference  as  above. 
Microscopically  it  shows  a  colorless,  transparent,  amorphous 
mass  and  nnist  be  largely  opal.  It  is  fille<l  with  minute,  red- 
dish, nt»n-])olarizing  grains,  aj^j^donierated  intt)  semi-opaque. 
often  spherical,  balls,  which  give  the  mass  a  *'cumulitic"  ap- 

*Joijr.  Ki'V.  l^iiMin  Sooifty.  1S57.  p.  !!«♦. 
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pearance.  '  A  small  vein  of  granular  quartz  runs  across  the 
slide  containing  highly  refringent  globules  of  small  size 
with  bubbles.     See  analysis  II. 

The  following  analyses  were  made  for  me  in  the  labor* 
atory  of  Amherst  College,  by  Mr.  Edward  C.  Smith: 

Analysis    I. — Compact  Banded  Limestone.    See  page  98. 
Analysis  II. — Green  Homstone.    See  page  98. 

I. 

SiO= 6.89  per  cent 

CO* 43.44  per  cent 

Fe'O* 1.06  per  cent. 

APO* 0.81  per  cent. 

CaO 29.73  per  cent 

MgO  19.06  per  cent 

Total   99.98  per  cent. 

II. 

SiO* 84 .00  per  cent 

Pe'Cy 7.20  per  cent. 

AlW 0.92  per  cent 

CaO .' 0.47  per  cent. 

MgO 1.07  per  cent 

Na*0 1.77  per  cent. 

K'0 2.07  per  cent 

fPO 1.83  per  cent. 


99.33  per  cent. 


BASIC    ERUFflONS. 

Dioryte. — Port  Foulke.  A  massive  black  rock  with  the 
shining  jet-black  hornblendes  just  visible  to  the  eye,  ani 
the  plagioclase  of  glassy  freshness.  It  has  with  the  micro- 
scope the  simplest  dioryte-texture  and  the  fieldspar  Is 
labradorite. 

Quirtz  Diabase  (Kongadiabase).  This  agrees  closely 
with  the  rock  from  Rawdon,  Quebec,  figured  in  Rosenbusch, 
Gesteinslehre,  p.  329.  The  rock  is  dull  black  with  small  red- 
dish spots.  Flat  blades  of  black  angitc  sometimes  a  half 
inch  long  appear  quite  abundantly.  They  have  a  central 
suture  and  a  transverse  striation.  These  blades  are  found 
under  the  microscope  to  be  wholly  altered  to  a  fibrous  mass 
of  dark  green  delessite  which  is  quickly  decomposed  by  acid 
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leaving  a  white  fibrous  residue.  It  is  assumed  thrat  the  min- 
eral was  augite  because  it  exactly  resembles  the  long  blades 
of  augite  found  in  the  peculiar  variant  of  the  Holyokc  dia- 
base and  called  plumose  diabase  by  the  writer  in  a  communi- 
cation to  the  Geological  Society  in  1903.  The  flat  plate  is 
formed  by  the  large  development  of  two  opposite  prism 
faces.  The  central  suture  is  the  common  twinning  plane. 
The  transverse  parting  is  the  basal  cleavage.  All  the  mag- 
netite is  concentrated  around  these  blades  and  a  few  of  the 
feldspars  of  the  first  generation  in  an  unusually  thick  layer. 
The  magnetite  cleavage  can  be  clearly  seen  on  fragments 
treated  with  acid.  The  rock  on  this  side  allies  itself  to  dia- 
base. On  the  other  hand  the  dark  flesh-colored  spots  which 
represent  the  ground  have  an  aplitic  aspect.  A  few  ideo- 
niorj  hie  plagioclase  crystals  occur,  rarely,  in  albite  twins, 
mostly  lini])i(l  hut  partly  changed  to  a  green  mica  in  coarse 
scales,  .\northiie  and  oligoclase  could  be  determined  optic- 
ally. A  few  long  needles  of  a  colorless  hornblendic  mineral 
appear. 

Surrounding  these  ideomorphic  minerals  is  an  abundant 
ground  made  up  of  an  intimate  mixture  of  quartz  and  feld- 
spar which  imitates  every  form  of  the  macroscopic  pegma- 
tyte  structure  and  avoids  the  worm-like,  granophyric  or 
inyrniekitic  strticture.  The  larger  anhedral  portions  of 
(jiiartz  contain  sj)aringly  the  rigid  needles  common  in  gran- 
itic (|uartz  and  >vn(\  out  into  the  feldspar  long  parallel  equi- 
di^iant  l»ars  which  intersect  at  angles  of  about  40  to  50  de- 
j^Mccs,  and  finni  a  lace  work  of  great  beauty.  In  other  feld- 
spar^ stoutir  (juartz  rods  with  many  crystal  faces  produce 
exactly  tin-  as])ect  of  common  graphic  granite.  The  whole 
is  pale  brown-dusted.  Tliis  ground  has  also  a  close  resemb- 
lance to  the  ground  in  the  plumose  diabase  mentioned  above. 
It  is  there  associated  with  palagonite  which  is  wanting  here. 
The  niicropegniatyte  texture  seems  to  depend  on  the  unusual 
influence  of  water. 

7)/(i/'(7sr  .'lA/hnn/f'. — A  fresh,  exceedingly  fine-grained 
diabase,  which  would  not  be  easily  distinguished  macroscop- 
ically  from  the  finest  varieties  of  our  Triassic  diabases  ex- 
cept for  the  slightly  browni.sh  shade  of  color.  Microscopic- 
ally one  finds  augite  filling  the  crevices  among  the  other 
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constituents,  magnetite  abundant  in  angular  crystalline 
groups,  plagioclase  with  extinction  20  degrees  for  the  smaller 
25  degrees  for  the  much  larger  of  the  minute  acicular  crys- 
tals, the  whole  with  complete  ophitic  structure.  The  glass 
basis  is  present  in  small  portions,  either  in  grotesque  rami- 
fications in  the  larger  feldspars,  at  times  arranged  in  a  beaded 
layer  parallel  to  their  boundaries  or  in  isolated  blebs.  It  is 
here  often  only  partially  devitrified  but  where  it  is  wedged  in 
the  interstices  of  the  very  fresh  crystalline  constituents  it  is 
a  reddish-grey  granular  mass  showing  aggregate  polariza- 
tion. 

Diabase, — This  rock  is  a  crumbling  pseudo  amygdal- 
oidal  mass  much  decomposed  and  carrying  calcareous  and 
chloritic  amydules.  It  is  considerably  coarser  than  the 
preceding  variety  but  the  constituents  can  not  be  distin- 
guished without  a  lens.  Under  the  microscope  it  has  the 
aspect  of  a  common  diabase.  The  feldspar  is  abundant  but 
wholly  decomposed.  In  the  freshest  portion  the  augite  is 
very  little  changed.  Many  large  irregular  cavities  are  filled 
with  a  red-brown  radiated,  fibrous  mass  of  altered  delessite 
showing  a  black  cross  when  rotated  under  the  nicols.  These 
two  rocks  may  very  probably  belong  to  a  single  series  of 
dvkes  or  have  been  derived  from  the  border  and  center  of 
a  single  large  stock. 

Pickryle, — The  third  mass  is  fine-grained,  greenish- 
black  and  fresh  in  appearance,  and  in  it  one  detects  with  a 
lens  scales  of  red  mica  and  very  rardy  a  triclinic  feldspar. 
Microscopically  it  proved  to  be  an  unusually  fresh  and  very 
interesting  pickryte — an  olivine-diallage-augite  rock  with 
some  accessory  plagioclase,  which  latter  was  wholly  wanting 
in  several  slides,  in  others  reached  an  amount  which  tempted 
one  to  associate  the  rock  rather  with  the  gabbros,  which  it 
resembles  in  texture.  The  olivine  which  makes  up  certain- 
ly three-fourths  of  the  mass,  is  often  present  in  large  and 
well  formed  crvstals,  and  in  smaller  crvstals  crowds  the 
Other  constituents.  It  is  often  quite  fresh,  often  much 
decomposed  and  where  the  change  is  well  advanced  after  the 
formation  of  the  usual  broad  bands  of  yellowish  serpentine, 
it  turned  in  a  new  direction  and  the  rest  of  the  crystal  has 
gone  over  into  a  mass  of  plumose  scales  which  polarize  in 
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pale  bluish  shades  like  talc.  Often  also  the  serpentine  is 
gathered  in  bright  emerald  or  bluish  green  patches.  The 
diallage  is  often  quite  fresh  and  shows  clearly  two  pinacoidal 
cleavages,  with  rarely  any  trace  of  the  prismatic  cleavage. 
It  is  pale  yellow  with  few  of  the  enclosures  characteristic  of 
the  mineral,  shows  the  usual  fibrous  structure  and  often  dis- 
tinct twin  lanimae  interposed  in  the  plane  of  the  perfect 
cleavage.  It  is  in  many  cases  advanced  beyond  the  olivine 
in  the  change  to  serpentine  and  the  brightly  colored  varieties 
of  the  latter  mineral  are  most  closely  connected  with  it. 

Other  smaller  and  often  perfectly  outlined  crystals  pos- 
sess the  cleavage  and  show  the  ordinary  twinning  of  augite 
and  are  often  enclosed  in  the  plagioclase. 

The  feldspar,  wedged  in  sharply  angular  pieces  among 
the  other  constituents,  shows  twin-lanimae  of  very  unequal 
widths,  with  extinction  21  to  27  degrees.  In  one  section 
parallel  to  M.  the  extinction  was  29  degrees.  Octahedra 
apparently  of  picotite  occur  in  the  olivine  and  serpentine, 
while  magnetite  appears  both  as  an  original  constituent  and 
in  smaller  granules  in  the  serpentine. 

The  order  of  crystallization  is  picotite  and  magnetite, 
olivine,  diallage,  augite,  plagioclase.  The  rock  affords  slides 
of  great  beauty  from  the  very  regular  forms  of  its  crystals 
and  the  beautifully  developed  sepentinous  change. 

In  this  connection  I  wish  to  call  attention  to  certain 
allied  eruptive  rocks  from  Frobisher  bay,  among  the  collec- 
tion made  by  C.  F.  Hall,  which  I  studied  twenty-five  years 
ago  with  improvised  optical  apparatus. 

Hot  nbletuie-bearin^i^  Diabase.  — This  is  a  dark  fresh 
looking  trap  the  feldspar  needles  just  showing  to  the  eye. 
The  feldspar  rods  are  labradorite  with  irregular  twinning  in 
few  bands.  A  broad  central  area  is  dusted  brown,  and  this 
dust  decreases  toward  the  edge,  and  a  strong  undulose  ex- 
tinction goes  parallel  with  it,  the  angle  of  extinction  decreas- 
ing toward  the  border.  Large  grains  of  a  pale  coarse-cleav- 
ing pyroxene  occupy  the  meshes,  mostly  uralitized.  A  con- 
siderable number  of  large  grains  of  an  original  greenish- 
brown  hornblende  appear.  This  was  described  in  Hall's 
Narrative,  p.  568,  as  quartz  dioryte. 

Alnoyie. — So  many  large  blocks  of  this  rock  were  in 
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the  collection  that  it  is  quite  sure  that  they  came  from  Res- 
cue harbor,  Field  bay,  where  Hall  took  ship  for  his  return. 
They  are  a  brownish-black  trap-like  rock,  massive  to 
platy,  with  many  deep*red  biotite  scales  showing  with  the 
lens. 

The  rock  effervesces  for  a  long  time  with  acid  and  this 
brings  out  light-colored  spots  full  of  needles  of  a  pyroxenic 
mineral. 

Under  the  microscope  a  few  large,  lemon-yellow  serpen- 
tine pseudomorphs  after  olivine  are  surrounded  by  a  broad 
band  of  the  large     deep-red  biotites    which  have  an  almost 
black  border.     The  change    of    the  olivine  is  sometimes  in 
whole   or  part   into  an  aggregate   of   carbonates.       Long, 
square  prisms  of  a  colorless  highly  refractive  pyroxene  oc- 
cur.    Another  pyroxene  appears  in  tufts  of  long  prisms  and 
needles  which  radiate  into'  calcite-filled  cavities.     They  are 
red-brown  in  the  central  half  and  pale  green  at  the  ends. 
Some  are  wholly  dark  greenish  blue  to  nearly  black.     The 
mineral  is  much  like  aegerine,  but  extinguishes  at  37  to  41 
degrees  and  so  is  a  peculiar  pyroxene  which  has  strong  ab- 
sorption and  dispersion  and  on  being  rotated  slightly  from 
the  position  of  extinction  shows  red-brown  on  one  side  and 
clear  blue  on  the  other,  suggesting  titanaugite. 

Probable  remnants  of  nepheline  show  uniaxial  figure 
and  low  refraction.  Many  of  these  phenocrysts  have  so 
sharply  the  trapezohedral  cross  section  as  to  suggest  leucite, 
but  these  are  decomposed  in  the  same  way  as  the  prismatic 
forms. 

Half  the  field  is  taken  up  with  octaj^onal  or  nearly  spher- 
ical phenocrysts,  which  are  just  visible  to  the  eye.  They  are 
now  mostly  decomposed  into  a  mixture  of  calcite  and  color- 
less needles.  Some  show  negative  uniaxial  cross  and  high 
refraction  and  polarize  in  pale  blue  tints  and  all  are  prob- 
ably mellilite.  See  "Geology  of  Frobisher's  Bay,"  in  Hall's 
Narrative,  p.  571,  1879. 

Alnovte  Porpkvrx, — Another  distinct  variety  is  much 
tiner  grained  than  the  preceding.  It  is  aphanitic  to  the  eye 
and  less  distinctly  porphyritic  to  the  microscope. 

Tnt  biotite  appears  only  in  the  ground  with  niicrolites 
of  mellilite.     The  sharp  crystals  of  amber  pyroxene  are  un- 
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changed.  Those  of  mellilite  are  changed  as  before.  The 
olivine  phenocrysts  are  double  the  size  of  the  others  and  arc 
sharp  as  needles,  except  that  they  enclose  blebs  of  the 
ground.  Their  decomposition  is  peculiar.  They  are  some- 
times a  homogenous  matted  mass  of  serpentine  fibres  lacking 
the  common  decomposition  along  fissures.  They  are  gener- 
ally swarming  full  of  the  prisms  of  the  titanaugite  described 
above,  in  radiating  tufts,  or  growing  into  the  interior  of  the 
fibrous  mass  from  the  surface.  Sometimes  they  form  a  loose 
network  through  the  whole.  They  are  sharp,  square  prisms, 
bounded  by  the  pinacoid  faces. 

The  specimen  had  a  greasy  label  in  Hall's  cramped  hand: 
'Found  at  Is-se-luk-ju-nor.  Between  Frobisher  Bay  and 
*  Rescue  Bay,'  on  the  land  as  we  pass  from  head  of  latter  to 
the  inlet  that  makes  up  within  2j/^  miles.  (This  route  is  the 
one  in  winter  in  passing  between  Oo-pung-ne-wing  and 
Rescue  Harbor.)     ( iiven  me  bv  Kou-isse." 

This  was  doubtless  at  Bayard  Taylor  pass.  See  Hall's 
Arctic   Research   lCx])edition ;  map. 

'J1ie  aj2^e  of  these  eruptives  cannot  be  told.  They  are 
associated  with  a  lar^e  range  of  Archaean  rocks — granites, 
crranitytes  irranulytes.  magnitite  gneisses,  coccalite  lime- 
stones containing  ruby  spinels,  but  adjacent,  are  probably 
C\'ir])nnifcnnis  rocks,  and  certainly  highly  fossiHferous  Lower 
Sihirian  rocks  from  which  in  the  article  cited  I  described  a 
larijr  nntnber  of  fossils. 


MONTANA   GYPSUM    DEPOSITS. 

li\  .T»«K  rFiiK^   K«.\\E.  I'liivrrsitN  III  Montana.  MisAoula. 
PLATl'Jrf    Vn.  VIII,   IX,   X. 

Little  has  been  written  concerning  the  gypsum  deposits 
of  Montana,  as  tlie  discovery  and  ec«.)nomic  development  of 
the  hi'ili^  in  ilie  state  date  back  but  a  few  years.  Perhaps 
the  fir.st  Ci»nniiercia]  use  made  of  native  gyi)sum  in  Montana 
was  in  the  year  iX«>4-an(l  the  first  discovery  the  year  pre- 
vious;.    The  state,  however,  can  boast   of  as  large  gypsum 
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deposits  as  any  slate  in  the  Union,  and  in  a  few  years  this 
natural  resource  will  be  of  great  benefit  to  her  citizens. 

The  gypsum  deposits  in  Montana  may  be  divided  into 
three  general  fields;  the  North,  Middle,  and  South  Fields. 
These  fields  follow  the  contour  of  the  mountains  and  run 
from  northwest  to  southeast  through  the  state. 

Little  is  known  of  the  North  Field,  but  it  is  claimed  that 
some  good  deposits  are  located  near  Libby,  Flathead  county, 
Montana,  and  until  recently  a  plaster  of  Paris  and  stucco 
mill  was  in  operation  at  that  place.* 

The  Middle  Field  is  located  in  the  counties  of  Cascade 
and  Fergus.  Two  large  deposits  are  found  in  this  field. 
One  deposit  near  the  towns  of  Armington  and  Kibby  in  Cas- 
cade county;  and  the  other  in  the  Big  Snowy  mountains,  of 
Fergus  county,  near  Portuguese.  The  South  Field  is  lo- 
cated in  Carbon  county,  near  Bridger. 

The  selenite  variety  of  gypsum  is  found  in  all  the  coun- 
ties of  Montana  east  of  the  rockies.  It  occurs  in  the  upper 
Cretaceous  formations,  but  seldom  is  found  in  commercial 
quantities.  '*Very  commonly  it  impregnates  the  waters 
both  of  streams  and  springs,  making  them  unfit  for  use. 
At  Hunter's  Hot  Springs,  on  the  North  bank  of  Yellowstone 
river,  about  20  miles  east  of  Livingston,  the  hot  waters  are 
now  depositing  gypsum  and  the  old  hot  spring  fissures  are 
filled  by  a  mass  of  gypsum  and  stilbite.  Up  to  the  present 
time  these  deposits,  although  of  considerable  extent,  have 
not  been  utilized."* 

During  the  summer  of  1902  the  writer  found  a  vein  of 
selenite  in  the  southern  part  of  Fergus  county,  near  Folsom, 
which  is  about  18  inches  thick  and  several  yards  in  length. 
This  deposit  is  in  the  Laramie.  Many  such  places  occur  in 
the  state  but  the  areas  are  small  and  do  not  warrant  an  at- 
tempt at  commercial  production. 

Crystals  of  selenite  gypsum  are  found  in  quite  large 
quantities  in  the  Laramie  clays  of  Dawson  county,^  and  near 
Bear  Paw  mountains,  in  Choteau  county. 

«  Eigrhth  Report  of  Bureau  of  Acrloulture,  Labor  and  Industry  of  the 
State  of  Montana. —FiBousoH. 

♦W.    U.    Whd.     In    Bulletin,    V.    S.   Geologrical  Survey.  No.  223. 

tj.  P.  B.ovi%-Noduiar  Barite  and  Selenite  Crystals  of  Moutafta:  Ambrican  (isoL- 
ooMT.  vol,  83,  p.  190. 
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Anhydrite  gypsum  crystals  are  found  14  miles  west  o! 
Wibaux,  Montana,  in  the  **bad  lands''  of  Glendive  creek, 
Dawson  county.  The  butte  on  which  the  crystals  are  found 
is  one  of  the  highest  in  this  region,  and  is  capped  by  a 
scoriaceous  volcanic  rock.  The  crystals  are  found  about  30 
feet  below  in  a  "gumbo''  clay.  The  transition  of  selenite  to 
anhydrite  is  beautifully  shown.  The  heat  of  the  overlying 
lava  thus  caused  the  change.  The  crystals  are  found  in  the 
Laramie  and  are  the  only  native  anhydrite  crystals  so  far 
known  in  Montana. 

The  middle  and  southern  beds  are  the  only  ones  being 
worked  at  present,  and  only  one  mill  is  being  operated  at 
each  place. 

Thr  Middle  Field, 

The  principal  beds  now  being  worked  in  this  field  are 
located  in  the  northwestern  part  of  Cascade  county  and  cover 
cjuite  a  large  area.  According  to  Weed  "the  series  of  beds 
may  be  traced  from  the  Missouri  river  eastwards  along  the 
flanks  of  the  Big  Belt  mountains  to  Riceville  on  the  Neihart 
branch  of  the  (ireat  Xorthern  railway;  thence  eastward  to 
the  town  of  Kibby,  and  thence  around  the  flank  of  the  Little 
Belt  mountains  in  a  nearly  continuous  exposure  to  the  vicin- 
ity of  Castle  mountains.  Southward  from  that  locality  the 
same  horizon  can  he  traced  by  its  red  shales,  but  the  gypsum 
does  not  occur,  so  far  as  known,  in  sufficient  purity  or  thick- 
ness to  ])r()mise  commercial  imi)ortance." 

This  field  was  visited  during  the  past  summer  and  found 
to  1)1'  in  a  flourishing  condition.  Mr.  A.  J.  Voight,  the  pres- 
ent president  and  manager  of  the  only  stucco  and  plaster  of 
Paris  mill  in  this  field,  made  it  ]>ossible  for  the  writer  to  in- 
vestigate the  \>Qi\<>  and  mill  and  closely  trxamine  the  products. 
Mr.  X'oij^dit  formerly  owned  and  managed  the  Kibby  plant, 
but  after  this  latter  burned,  the  beds  nine  miles  northwest 
K^\  Kibby  and  six  miles  above  Armington  were  opened  and 
in  i<>()o  the  new  or  present  i)lant  was  installed.  "The  mill 
of  this  plant  is  located  directly  on  the  Neihart  branch  of  the 
Montana  Central  railway  six  miles  above  .-Xrming^on,  on 
Belt  creek  and  thirty-four  miles  from  Great  Falls.  The  mine 
is  directly  back  of  it  and  sufficiently  high  on  the  hillside  so 
that  gravity  is  largely  helpful  in  handling  the  rock."     Some- 
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time  back,  wagons  were  used  in  transporting  the  rock  gyp- 
sum from  the  mines  to  the  mill,  but  there  was  installed  dttr- 
ing  the  past  summer  a  gravity  tram  car  system  which  great- 
ly facilitates  this  part  of  the  work  and  somewhat  lessens  the 
expense  of  transporting  the  raw  material.  The  gypsum  is 
dumped  into  an  immense  bin,  and  "directly  from  the  rock 
bin"  it  is  passed  "through  a  12x14  inch  Blake  crusher  which 
crushes  it  to  about  one  inch ;  then  through  a  Gales  crusher, 
which  reduces  it  to  one-quarter  of  an  inch ;  then  it  is  elevated 
to  a  trammel  which  separates  the  coarse  from  the  fine,  all 
over  40-mesh  going  down  through  a  gravity  pipe  into  a 
French  burr  which  reduces  everlhing  to  40-mesh  or  finer; 
from  the  burr  it  is  again  elevated  to  the  same  separator,, 
whence  it  travels  by  gravity  Ip  a  bin  over  the  calciner.  The 
calciner  holds  about  three  tons  and  in  this  methanism  the 
gypsum  is  dehydrated  by  subjecting  it  to  heat  at  260  degrees 
Fahrenheit  for  two  and  one-half  hours  usually.  From  here 
the  plaster  of  Paris  is  conducted  to  a  storage  bin  where  a 
retarder  and  hair  are  added,  then  through  a  Broughton 
mixer  which  finishes  the  stucco  process.  The  capacity  of 
the  mill  is  thirty  tons  per  day,  of  24  hours,  which  it  regularly 
turns  out  and  loads  directly  in  the  railroad  cars  for  shipment. 
More  than  one-half  goes  to  Seattle  and  Spokane,  the  balance 
bemg  marketed  at  Great  Falls,  Butte,  Missoula,  Helena  and 
ether  Montana  towns. 

This  mill  is  by  far  the  better  equipped  and  capacious  of 
the  two  now  operating  in  the  state. 

Stucco  or  wall  plaster  from  this  mill  was  used  in  the 

Victoria  Building,  Spokane,  Washington. 

State  Capitol  Building,  Helena,  Montana. 

U.  S.  Post  Office  Building,  Butte,  Montana. 

U.  S.  Post  Office  Building,  Helena,  Montana. 

Hennessey  Merc.  Co.  Building,  Butte,  Montana. 

Court  House  Building,  Great  Falls,  Montana. 

Court  House   Building,   Kalispell,   Montana. 

Masonic  Temple  Building,  Butte,  Montana. 

Yerrick  Building,  Missoula,  Montana,  and  many  others. 
The  above  readily  shows  that  the  Montana  product  is  equal 
to  the  eastern  product  and  is  being  quite  generally  used 
throughout  the  northwest. 
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The  company  operating  this  mill,  or  the  "Montana 
Aluminum  Plaster  Co."  manufactures  five  different  products 
from  the  raw  gypsum — stucco,  plaster  of  Paris,  aluminum 
hard  finish  plaster,  sand  plaster  and  calcimine  of  various 
colors.  The  annual  product  from  this  plant  is  about  i^Soo 
tons. 

The  mill  and  mines  are  lighted  with  electricity,  gener- 
ated by  means  of  a  small  dynamo  at  one  end  of  the  mill. 
The  mill  at  present  is  run  by  steam  but  the  company  expects 
to  dam  Belt  creek  within  another  year  and  thus  run  on  a 
more  economical  basis.  The  mill  is  within  twenty  yards  of 
the  railroad,  thirty  yards  of  the  creek  and  fifty  yards  of  the 
mines.     Everything  is  ideal  for  a  plant  of  this  sort. 

2'/i^  Gypsum  Beds, 

The  beds  found  here  are  between  twenty-five  and  thirty 
feet  thick,  and  extend  over  an  immense  area.  They  are 
nearly  horizontal,  having  a  slight  dip  to  the  northwest.  The 
gypsum  itself  is  quite  pure  (see  analyses)  but  is  interstrati- 
fied  somewhat  in  places  with  considerable  clay. 

The  gypsum  is  not  more  than  from  lOO  to  300  feet  be- 
low the  surface  and  is  capped  by  and  rests  upon  a  hard 
compact  limestone;  several  fossils  were  gathered  from  the 
rock  above  and  sent  to  the  U.  S.  National  Museum  for 
specific  identification  and  the  horizon  was  pronounced 
Jurassic. 

From  the  di]).  geological  formation,  and  other  indica- 
tions the  beds  here  are  ])ronounced  the  same  as  at  Kibby, 
nine  miles  away.  If  this  be  true  the  field  at  this  place  has 
by  far  the  largest  productive  area  of  any  in  the  state.  The 
beds  thin  out  to  a  few  feet  at  Kibby  and  most  of  the  mate- 
rial worked  there  was  ex])osed. 

The  other  bed  that  belongs  to  this,  or  the  middle  field, 
is  located  in  the  Big  Snowy  mountains,  near  Portuguese, 
about  thirty-five  miles  south  of  Lewiston,  Fergus  county. 
Tlie  material  is  of  a  very  good  (juality  and  it  is  claimed  that 
an  immense  ledge  is  exposed.  Xo  flevelopment  of  any  con- 
sequence has  ever  been  done  here :  but  since  the  railroad 
now  passes  within  a  few  miles  of  the  deposits,  good  use  is 
expected  soon  to  be  made  of  them. 
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TAe  South  Field. 

The  productive  part  of  this  field  is  located  wholly  within 
Carbon  county,  and  ''this  series  of  beds  then  extend  south- 
ward into  the  Big  Horn  basin  and  can  be  traced  into  the 
mountains  of  Wyoming." 

There  are  three  exceptionally  fine  outcrops  in  this  field. 
At  present  only  one  of  the  three  is  being  worked.  The 
smallest  or  first  outcrop  of  this  field  is  located  about  eight 
miles  south  and  east  of  Bridger  and  at  this  outcrop  is 
located  the  only  other  gypsum  plant  in  the  state.  The  mill 
is  much  smaller,  but  similar,  to  the  one  near  Armington. 
From  ten  to  fifteen  men  are  employed  at  the  mill  and  in  the 
mines,  and  the  products,  plaster  of  Paris  and  stucco,  are 
hauled  to  Bridger  from  where  it  is  shipped  by  rail  to  various 
points  in  the  state.  The  annual  output  from  this  plant  is 
very  much  smaller  than  at  Armington.  The  mine  is  located 
nearly  a  half  mile  from  the  mill  and  the  raw  gypsum  is 
hauled  this  distance  also.  The  deposit  that  is  being  worked 
is  from  ten  to  twelve  feet  thick  and  is  fairly  pure  gypsum. 
A  tunnel  (see  cut)  is  run  into  the  vein  about  300  feet  and 
the  rock  after  being  blasted  down  is  hauled  out  by  means  of 
tram  cars  on  ordinary  steel  rails. 

The  beds  dip  a  considerable  to  the  northeast  and  form 
part  of  a  beautiful  anticline  (see  cut).  Beneath  the  gypsum 
several  feet,  near  the  apex  of  the  anticline,  exceptionally 
good  oil  shale  is  found. 

This  gypsum  deposit  has  been  worked  for  some  time  but 
owing  to  the  distance  from  a  railroad  and  the  high  price  of 
teaming,  jt  is  not  an  extremely  profitable  undertaking.  The 
refined  gypsum  products  cost  $4  per  ton  freight  in  shipping 
to  any  large  cities  of  the  state,  and  the  material  itself  sells 
for  about  twice  that  figure.  With  high  teaming  rates  and 
one-half  of  the  selling  price  taken  for  freight  no  large  profit 
is  made  on  the  material.  However,  it  is  paying  a  small 
dividend  and  the  mill  still  continues  to  run.  The  altitude  of 
this  bed  is  about  4,200  feet. 

The  second  outcrop  is  between  eight  and  ten  (see 
sketch)  miles  from  the  first,  and,  while  it  has  never  been  de- 
veloped to  any  great  extent,  it  has  been  worked  enough  to 
show  that  it  is  much  thicker  and  as  free  from  interstratified 
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LoiifiritadiQal  Rection  of  Gypsum  Deposit  Near  Bowler,  Montana 

clay  as  the  first  deposit.  The  gypsum  is  as  pure  as  the 
former  and  the  area  of  the  bed  much  greater.  A  splendid 
outcrop  of  from  one  to  two  miles  is  shown  and  the  bed  is 
from  fifteen  to  twenty  feet  thick.  It  is  quite  near  the  south- 
ern border  of  Carbon  county  and  also  of  the  state,  and  is 
only  one  and  one-half  miles  from  Bowler,  a  station  on  the 
Cody  branch  of  the  B.  &  M.  railway.  This  is  a  good  deposit 
and  a  spur  from  Bowler  could  be  run  to  the  bed  with  very 
little  gradinfif.  It  will  not  be  long  until  a  mill  will  be  placed 
at  this  outcrop  to  handle  this  immense  deposit. 

The  thini  and  by  far  the  most  promising  and  largest 
bed  of  this  field,  and  the  thickest,  if  not  the  best  bed  in  the 
state,  is  located  about  16  miles  south  and  east  of  Bridger 
and  about  six  miles  northeast  of  the  first  outcrop,  and  four 
or  ^w^  miles  north  of  the  second  outcrop.  This  deposit  is 
owned  by  Messrs.  llanley  and  Hough  of  Bridger  as  is  also 
number  two. 

1'his  bed  is  an  exceptionally  fine  one.  At  the  southern 
outcrop  its  thickness  is  about  twenty  feet,  and  it  gradually 
ij^rows  thicker  to  the  northward  until  it  reaches  a  maximum 
thickness  of  fifty  feet.  This  is  about  one  and  one-half  miles 
from  the  first  southern  outcrop.  This  maximum  thickness 
continues  for  some  distance  when  a  gradual  thinning  out 
begins  until  about  three  miles  north  of  the  first  outcrop, 
where  the  thickness  is  about  fifteen  feet.  The  deposit  has  a 
north  and  south  strike  and  dips  a  few  degrees  to  the  south- 
west. The  material  is  as  pure  and  the  beds  as  free  from 
clav  as  anv  in  the  state.  It  lies  immediately  on  the  "red 
beds''  or  red  sand  and  shale  formation.  The  Red  Beds  in 
this  region  are  from  400  to  600  feet  thick,  having  a  north- 
west and  southeast  strike  and  continue  for  many  miles.  The 
gypsum  outcrops  which  cap  the  Red  Beds  may  be  traced  for 
at  least  fifteen  miles.     The  beds  are  undoubtedly  the  same 
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geological  formation  and  also  a  continuation  of  the  gypsum 
beds  farther  south  in  Wyoming. 

This  bed  is  about  four  and  a  half  miles  from  Crockett, 
a  station  on  the  B.  &  M.  railway  branch  line  to  Cody.  The 
altitude  of  the  bed  is  4,800  feet.  The  valley  through  which 
the  railroad  passes  is  probably  400  to  600  feet  lower  than  the 
gypsum  outcrop.     From  Crockett  to  the  base  of  the  cliff  on 
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Long^Uudinal  Section  of  GypAum  Deposit  Near  Crockett,  Montaoa. 

which  the  gypsum  occurs,  it  is  almost  perfectly  level,  making 
thereby  an  easy  transportation  of  the  gypsum  or  gypsum 
products  to  the  railroad.  The  gypsum  at  this  place  is  cap- 
ped by  a  hard  thick  limestone.  This  limestone  formation  is 
exposed  to  the  west  and  this  surface  rock  covers  several 
hundred  acres.  The  limestone  is  covered,  in  some  places, 
by  a  thick  formation  bearing  numerous  Gryphaeae  and 
Belemnites,  and  again  above  this  is  found  a  very  hard  com- 
pact reddish  conglomerate  with  grains  varying  in  size  from 
a  hickory  nut  down. 
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Cross  Section  of  Gyspnm  Deposit  near  Crockett.   Montana. 
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This  last  gypsum  deposit  is  such  a  promising  proposi- 
tion  that  a  mill  is  expected  to  be  placed  on  the  property  and 
in  operation  within  another  year. 

It  thus  may  readily  be  seen  that  the  commercially  pro- 
ductive gypsum  deposits  lie  on  the  eastern  base  of  the  Rocky 
mountains  or  in  other  words  on  the  foot-hills  of  the  main 
range.  It  may  also  be  seen  that  the  deposits  are  numerous, 
quite  thick,  and  fairly  free  from  impurities.  They  also  have 
a  wide  range,  running  across  the  state  from  northwest  to 
southeast,  thus  making  it  possible  to  compete  in  every  town 
in  the  state  with  outside  products. 

Geological  Formations  of  the  Gypsum  Deposits. 

According  to  Weed  the  middle  field  belongs  to  the 
lower  Carboniferous.  The  writer  collected  several  good 
fossils  from  this  locality  during  the  past  summer  and  found 
that  the  gypsum  deposits  lie  directly  upon  (lower  Carboni- 
ferous) limestone.  The  fossils  gathered  from  the  limestone 
are  loo  poor  for  specific  identification,  but  Dr.  T.  W. 
Stanton  recognized  the  genera,  Trigonia,  Pleuromya, 
Cyi)rina  (?)  and  Xatica  (?)  all  from  the  Jurassic.  Farther 
west  this  (lii)s  under  the  Cretaceous.  The  beds  from  all 
paleontological  evidence  belong  undoubtedly  to  the  Car- 
boniferous. 

Not  si>  with  the  southern  beds.  According  to  Darton 
these  beds  rest  immediately  u])on  the  Triassic  inasmuch  as 
lliey  rest  ii])<)n  the  ly])ical  "red  beds."  There  is  no  paleon- 
tol()i;ical  evidence  here  that  the  "red  beds"  are  Triassic,  but 
immediately  above  the  j^y])sum  deposits,  stratigraphically 
and  ])ale()ntolojL;:ically,  the  formaticMis  belong  to  the  Jurassic. 
The  fossils  found  from  fifty  to  seventy-five  feet  above  the 
j;y])siim  deposits  in  CarlxHi  county  sh{.)w  the  typical  marine 
Jurassic  as  foun*!  in  the  northwest.  Some  of  these  fossils 
were  identified  by  Dr.  T.  W.  Stanton  of  the  National 
Museum  and  they  were  Ostrea.  s])..  (iryphaea  calceola  var. 
nel)rascensis  M.  cK:  H..  l»elemnites  densus  M.  &  H.  The 
southern  ])eds  are  without  doubt  in  the  same  formation  as 
those  in  Wyoming,  and  according  to  Knight,  it  is  believed 
that  the  gyi)sum-bearing  beds  of  Wyoming  will  prove  to  be 
Permian.     So  until  farther  paleontological  evidence  is  found 
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these  beds  can  be  assigned  definitely  to  neither  Permian 

nor  Triassic. 

Analyses* 

Near  Anaington^  Montana.  Near  Bowler,  Montana. 

CaO 33.101       CaO   33.023 

feO»    45.939       SO»   45.935 

Water 20.960       Water  21.042 


Total    lOu.OOO  Total    ...» 100.000 
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The  Geomorpbogeny  of  the  Upper  Kern  Basin.  By  Andrbw  C.  Law 
SON.  (University  of  California  Publications.  Bulletin  of  the 
Department  of  Geology.  VoL  3,  No.  15,  pp.  291-376.)  Price  65 
cents. 

This  paper  gives  the  results  of  an  excursion  Into  the  high 
Sierra  at  the  southern  limit  of  Pleistocene  glaclatlon.  The  larger 
features  of  the  region  embrace  (1)  a  high  mountain  zone.  Including 
the  summit  region  and  a  sub  summit  plateau,  the  last  representing 
a  partially  developed  peneplain,  (2)  a  bigb  valley  zone,  which  In- 
cludes extensive  areas  of  the  upper  Kern  basin  from  8,000-11,000 
feet  above  sea  level  and  which  represents  a  second  period  of  par- 
tial baselevellng,  (3)  the  cay  on  zone  the  valley  of  the  Kern  and  Its 
tributaries  which  have  been  cut  deeply  into  the  floor  of  the  plateau 
which  comprises  the  high  valley  zone.  The  paper  takes  up  in  de- 
tail the  erosive  work  of  ice  during  the  Pleistocene. 

Two  new  hypotheses  of  general  Interest  are  offered  in  the 
course  of  the  paper.  First,  that  the  flattened  summits  of  some  of 
the  higher  mountains  represent  substantially  the  contact  surface  of 
the  granite  batholith  of  the  Sierra  Nevada  and  the  overlying  meta- 
morphosed sedimentarles.  The  discussion  seems  to  leave  this  as 
an  Interesting  suggestion  rather  than  as  a  well-supported  theory. 
The  second  hypothesis  Is  that  the  thirty-mile  rectilinear  north  and 
south  course  of  the  Kern  valley  Is  determined  by  a  line  of  rift. 
The  discussion  leaves  this  as  a  much  more  probable  explanatiou, 
which  is  especially  satisfactory  when  we  are  seeing  fracture-oriented 
drainage  networks  evolved  by  guess-work  in  other  regions.  Certain 
peculiar  buttress-like  forms,  kern  huts,  are  explained  as  due  to  the 

differential  slipping  of  portions  of  the  west  wall  of  the  Kern  canyon. 
No  mention  is  made  of  more  than  one  glacial  period.     The  Kern 

canyon  is  U-shaped  In  Its  glaciated  portion,  but  professor  Lawson 

believes  that  the  glacier  had  but  small  share  in  cutting  the  valley. 

Hanging-valleys  are  mentioned  but  are  not  considered  as  evidence 

•  Analyses  made  by  W.  O.  Dickinson,  ABSistant   in   Chemistry. 
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bearing  on  the  question  of  glacial  erosion.  It  seems  very  doubtfol 
if  the  amount  of  material  in  the  terminal  moraine  in  any  measure 
represents  the  amount  of  glacial  erosion  by  the  glacier;  terminal 
moraines  of  valley  glaciers  are  often  much  smaller  than  the  lateral 
moraines  and  in  many  cases  the  larger  part  of  the  material  remoY- 
ed  has  been  carried  down  valley  beyond  the  moraine.  While  the 
amount  of  erosion  assigned  to  the  glaciers  in  their  middle  and 
lower  course  Is  Insignificant,  the  amount  credited  to  glacial  cirque 
erosion  Is  very  great.  Professor  Lawson  agrees  with  Mr.  W.  D. 
Johnson  as  to  the  Importance  of  this  factor  in  mountain  sculpture 
and  believes  that  by  this  process  the  surface  of  the  upper  part  of  the 
range  has  been  reduced  over  large  areas  to.  a  distance  of  hundreds 
of  feet. 

The  paper  not  only  gives  an  excellent  idea  of  the  high  Sierra 
in  this  particular  area,  but  will  be  very  suggestive  to  any  one  who 
is  Interested  in  the  study  of  land  forms  in  high  mountains.    !•■  O.  W. 

The  Geology  of  the  Mount  Lofty  Ranges.      Part  1.      The  Coastal  Dis- 
trict.   By  Walter  Howchin,  F.  G.  S.     (Trans.  Roy.  Soc.  South 

Ausiralia,  vol.  xxviii,  1904.) 

The  paper  describes  at  length  the  Cambrian  succession  as 
found  in  South  Australia.  There  Is  a  historical  Introduction  describ- 
ing the  work  of  A.  R.  C.  Selwyn,  G.  H.  F.  Ulrich,  Ralph  Tate,  and 
other   pioneers. 

Mr.  Howchin  finds  the  following  order  in  the  South  Australian 
Cambrian: 

A     Purple  Slates,  quartzytes  and  limestones. 

B    Silicious,  blue,  pink  and  dolomitic  limestone. 

c    Banded  fiine  grained  clay  slates  and  shales. 

I)     Glacial   till,   grit,   etc.,  with   erratics. 

K    Silicious  and   felspathic  quartzytes  and   phyllytes. 

The  i)resent  article  describes  rocks  of  the  first  three  divisions. 

In  division  A  beds  of  limestone  are  found  (up  to  100  feet  in 
thickness)  composed  almost  exclusively  of  the  remains  of  Archss- 
ocyathinap.  The  Lower  Cambrian  age  of  this  division  is  also 
determined  on  the  authority  of  Etheridge  and  of  Tate,  by  the  pres- 
ence of  Microdiscus  and  Salterella. 

Division  B  contains  limestones,  etc.,  that  are  of  considerable 
economic  importance  being  used  for  "road  metal"  and  the  manu- 
facture of  Portland   (hydraulic)   cement. 

There  are  numerous  stone  quarries  in  the  slaty  rocks  of  Divis- 
ion C,  the  material  taken  out  being  used  for  building  purposes  in 
the  city  of  Adelaide. 

«  Several  fine  plates  showing  flexed  and  distorted  strata  of  divis- 
ion A  at  Curlew  point  and  of  division  B  at  Field  R  accompany  the 
article.  There  is  also  a  plate  of  sections,  and  a  map  showing  the 
distribution  of  the  several  members  of  this  series.  n.p.   m 


Monthly  Author's  Catalogue.  115 

MONTHLY  AUTHOR^S  CATALOGUE 

OF    AMERICAN    QEOLOQICAL    LITERATURE 
ARRANGED  ALPHABETICALLY. 


ABBE,  CLEVELAND  JR. 

The  Physiography  of  Garrett  county.    (Mar.  QeoL  Sur.,  Gar^ 
rett  county,  pp.  27-65.) 

ANDERSON,   F.    M. 

Stratigraphy  of  the  southern  coast  ranges  of  Califomia  [Ab- 
stractj.     (Bull.  G.  S.  A.,  vol.  15,  p.  581.) 

ANONYMOUS. 

The  efficiency  of  the  survey.     (Eng.  Min.  Jour.,  yoL  78,  Jan. 

29,  1904,  p.  1018.) 

BAGG,  R.  M.  JR. 

Foraminifera.     (Mar.  Creol.  Sur.,  Miocene,  pp.  46(M83.) 
BAIN,  H.  F. 

Reported  ore  deposits  of  the  Wichita  mountains.    (Prof.  Pap. 
U.  S.  G.  S.,  No.  31,  pp.  82-93.) 

BARBOUR,  E.  H. 

Memoir  of  Wilbur  Clinton  Knight.     (Bull.  G.  S.  A.,  vol.  15,  pp. 
544-549,  portrait.) 

BASCOM,  F. 

The  Geology  of  the  crystalline  rocks  of  Cecil  county.    (Mar. 
Geol.  Sur.,  Cecil  County,  pp.  83-148.) 

BASCOM,  FLORENCE. 

Water  resources  of  the  Philadelphia  district.     (Wat.  Sup.  Ir., 
Pap.  No.  106,  U.  S.  G.  S.,  1904,  pp.  75.) 

BASSLER,  R.  S.  (see  E.  O.  ULRICH). 

BAUER,  L.  A. 

Terrestrial  magnetism;  results  of  magnetic  observations  made 
by  the  coast  and  geodetic  survey  between  July  1,  1903  and  June 

30,  1904.    Appendix  No.  3  of  the  report  for  1903  of  the  department 
of  Commerce  and  Labor,  Washington,  1904.  pp.  183-255. 

BIRKINBINE,  JOHN. 

Manganese  ores.     (Min.  Res.  U.  S.,  pp.  129-157.) 

BIRKINBINE,  JOHN. 

Iron  ores;  production  in  1903.     (Mineral  Resources  U.  S.,  1903, 
pp.  41-75.) 

BOYER,  C.  S. 

Thallophyta-Diatomacea.     (Mar.   Geol.   Sur.,    Miocene,   pp.   487- 
508.) 

CALKINS,  F.  C.   (G.  O.  SMITH  and). 

A  geological  reconnoissance  across  the  Cascade  range  near  the 
forty-ninth  parallel.    Bull.  235,  U.  S.  G.  S.,  pp.  103,  1904. 

CAPP8,  S.  C.  (and  E.  D.  K.  LEFFINGWELL). 

Pleistocene  (Geology  of  the  Sawatch  range  near  Leadville,  Colo. 
(Jour.  Geol.,  vol.  12,  pp.  698-707,  Noy.-Dec,  1904.) 


1 1 6  The  American  Geologist  Febn»rj.  i906 

CASE,  E.  C. 

Mammalia,  Aves,  Reptiles.  (Mar.  Geol.  Sur.,  Miocene,  pp.  3-7L) 

CHALMERS,  R. 

Mineral  Resources  of  Canada.  Bulletin  on  peat,  pp.  40,  Geol. 
Sur.   Can.,   Ottawa,   1904. 

CLARK,  W.  B. 

Maryland  Geological  Survey;  Cecil  County,  pp.  322,  pis.  30,  At- 
las, Baltimore,  1902. 

CLARK,  W.  B. 

Maryland  Geological  Survey,  Garrett  county,  pp.  340,  pis.  26, 
Atlas,  Baltimore,  1902. 

CLARK,  W.  B. 

Maryland  Geological  Survey,  Miocene;  pp.  Ixxxiv,  643,  pis.  135, 
Baltimore,  1905. 

CLARK,  W.  B. 

The  Miocene  deposits  of  Maryland;  Introduction  and  Genenl 
Stratigraphic  relations.     (  Mar.  Geol.  Sur.,  Miocene,  pp.  zxiii-zzxlL) 

CLARK,  W.  B. 

Echinodermata,     (Mar.  Geol.  Sur.,  Miocene,  pp.  432-433.) 

COLEMAN,   A.   P. 

Sudbury  nickel-bearing  eruptive.  [Abstract].  (Bull.  G.  S.  A., 
vol.  15,  p.  551.) 

COLLIE,   GEO.   L. 

Basin  of  the  Po  river.  (Bull.  G.  S.  A.,  vol.  15,  p.  566.  [Ab- 
stract].) 

COONS,  A.  T. 

Glass  sand.     (Min.  Res.  U.  S..  1903,  pp.  1171-1179.) 

CORSTORPHINE,  GEO.  8.  (F.  H.  HATCH  and). 

The  origin  of  the  Witwatersrand  gold.     (Eng.  Min.  Jour.,  voL 

79,  p.  80.) 

GUSHING,   H.  P. 

Memoir  of  Peter  Xeff.  (Bull.  G.  S.  A.,  vol.  15,  pp.  541-544,  por- 
trait.) 

DALL,  W.   H. 

The  relations  of  the  Miocene  of  Maryland  to  that  of  other  re- 
gions,  jind    to   the  recent    fauna.     (Mar.   Geol.    Sur.,   Miocene,   pp. 

cxxix-clv.) 

DAVIS,  W.  M. 

The  relations  of  the  earth  sciences  in  view  of  their  progress 
in  the  nineteenth  century.  (Jour.  Geol.,  vol.  12,  pp.  669-688,  Nov.- 
Dec.,  1904). 

DAVIS,  W.    M.    (and   E.   HUNTINGTON). 

Physiography  and  Glaciation  of  the  western  Tian  Shan  moun- 
tains.    1  Abstract].     (Bull.  G.  S.  A.,  vol.  15,  p.  554.) 

DAY,  DAVID  T. 

Mineral  Resources  of  the  United  States,  Calendar  year,  1903, 
pp.  1204,  U.  S.  Geol.  Sur.,  1904. 


Monthly  A  uthor^s  Catalogue.  117 

DAY,  JDAVID  T. 

Gold  and  silver  in  1903  by  indiyidoal  states  and  territories. 
(Min.  Res.  U.  S.,  1903,  pp.  166-201.)  With  contributions  by  A.  H. 
Brooks,  V.  C.  Heikes,  C.  G.  Tale,  A.  N.  Winchell,  and  B.  P.  Porter. 

DAY,  DAVID  T. 

The  Production  of  Gold  and  Silver  in  1903.  (Bz.  MM.  Re- 
sources, U.  S.,  1903,  pp.  157-199.) 

DRYER,  C.  R. 

Finger  Lake  region  of  western  New  York.  (Bull.  G.  S.  A.,  vol. 
15,  pp.  449-460,  pU.  37-41,  Sept.,  1904.) 

EASTMAN,  C.  R. 

Pisces.     (Mar.  Geol.  Sur.,  Miocene,  pp.  71-93.) 

END,  F.   H. 

The  uses  of  hydraulic  cement.  Bull.  2,  4th  series,  Ohio  Gtool. 
Survey,  pp.  260,  1904. 

FAIRCHILD,  H.  L. 

Proceedings  of  the  sixteenth  annual  meeting,  [G.  S.  A.]  held  at 
St  Louis,  Missouri,  Dec.  30  and  31,  1903,  and  January  1,  1904,  in- 
cluding proceedings  of  the  fifth  annual  meeting  of  the  Cordilleran 
section,  held  at  San  Francisco,  January  1  and  2,  1904.  (Bull.  G.  S. 
A.,  vol.  15,  pp.  523-636,  pis  52-59,  Dec.,  1904.) 

FARRINGTON,  O.  C. 

Geology  and  Creography  of  western  Mexico  [Abstract].  (Bull. 
G.  S.  A.,  vol.  15,  p.  549.) 

GILBERT,  G.   K. 

Style  in  scientific  composition.  (Science,  vol.  21,  p.  28,  Jan.  6, 
1905.) 

GLENN,  L.  C. 

Pelecypoda.     (Mar.  Geol.  Sur.,  Miocene,  pp.  274-403.) 

GRANT,  U.  8. 

Field  work  in  the  Wisconsin  lead  and  zinc  district  [Abstract]. 
(Bull.  G.  S.  A.,  vol.  15,  p.  552.) 

GULLIVER,  F.  P. 

Nantucket  shore  lines.  II.  (Bull.  G.  S.  A.,  vol.  15,  pp.  507-522, 
pis.  48-51,  November,  1904.) 

HATCH,  F.  H.  (and  G.  S.  C0R8T0RPHINE.) 

The  origin  of  the  Witwatersrand  gold.     (Eng.  Min.  Jour.,  vol. 
79,  p.  80.) 

HEILPRIN,  ANGELO. 

The  Tower  of  Pel6e;  new  studies  of  the  great  volcano  of  Mar- 
tinique. 4to  pp.  62,  22  plates,  J.  B.  Lippincott  Company,  Philadel- 
phia, 1904. 

HITCHCOCK,  C.  H. 

New  studies  in  the  Ammonoosuc  district  of  New  Hampshire. 
(Bull.  G.  S.  A.,  vol.  15,  pp.  461-482.  pis.  42-44,  October,  1904.) 

HOBBS,  W.  H. 

The  frontier  of  Physiography.  (Science,  vol.  18,  pp.  538-540, 
October  23,  1903.) 


1 1 8  The  American  Geologist.  F«b™ry.  i^w 

H0BB8,  W.   H. 

Lineaments  of  the  Atlantic  border  region.     (BulL  G.  S.  A^  t6L 
15,  pp.  483-506,  November,  1904.) 

H0BB8,  W.  H. 

Tectonic  Greography  of  Southwestern  New  Bngland  and  South- 
eastern New  York  [Abstract].     (Bull.  G.  8.  A.,  vol,  15,  p.  5*^^  ) 

HOLLICK,  ARTHUR. 

Anglospermae.     (Mar.  Geol.  Sur.,  Miocene,  pp.  483-487.) 

HOVEY,  E.  O. 

New  cone  and  obelisk  of  Mont  Pel6e.     (Bull.  G.  S.  A.,  yoL  15, 
p.  558.) 

HOVEY,  E.  O. 

Some  erosion  phenomena  observed  on  the  islands  of  Saint  Vin- 
cent and  Martinique  in  1902  and  1903.     (Bull.  G.  S.  A.,  yoL  15,  p. 

560.) 

HOVEY,  E.  O. 

Grande  Sonfri^re  of  Guadeloupe.  (Bull.  G.  S.  A.,  vol.  16,  p.  66L) 

HOVEY,    E.    O. 

Bibliography  of  Literature  of  the  West  Indian  eruptions  pub- 
lished in  the  United  States.     (Bull.  G.  S.  A.,  vol.  15,  p.  562.) 

HOVEY,  E.  O. 

Phosphate  rock  and  salt.     (Min.  Res.  U.  8.,  1903,  pp.  1047-1078.) 

HOVEY,     E.  O. 

Asphaltum  and  bituminous  rock.     (Min.  Res.  U.  S.,  1903,  pp. 

745-755.) 

HOVEY,  E.  O. 

The  Cape  York  meteorites.     (Am.  Mus.  Jour.,  voL  6,  pL  1,  Jan. 

1905.) 

HUNTINGTON,  E.  (see  W.  M.  Davis). 

JULIEN,    A.    A. 

Fossil  water  fungus  in  petriefld  wood  from  Bgjrpt     (BolL  CL 

S.  A.,  vol.  15,  p.  550,  [Abstract].) 

KIMBALL,   L.   L. 

Portland  cement  in  Michigan  in  1903.     (Min.  Res.  U.  S„  190S, 

pp.  903-911.) 

KIRCHOFF,  CHARLES. 

Copper.     (Min.  Res.  U.  S.,  1903,  pp.  201-241.) 

KIRCHOFF,  CHARLES. 

Lead.     (Min.  Res.  U.  S.,  1903,  pp.  241-253.) 

KIRCHOFF,  CHARLES. 

Zinc.     (Min.  Res.  U.  S.,  1903,  pp.  253-265.) 

KUNZ,  GEO.  F. 

Precious  Stones.     (Min.  Res.  U.  S.,  1903,  pp.  911-979.) 

LEFFINGWELL,  E.  D.   K.   (S.  C.  CUPPS  and). 

Pleistocene  Geology  of  the  Sawatch  range  near  LeadylUe,  Cola 
(Jour.  Geol.,  vol.  12,  pp.  698-707,  Nov.-Dec,  1904.) 


Monthly  Author's  Catalogue.  119 

LINDQREN,  WALDEMAR  (and  F.  L.  RAN80ME). 

Report  of  progress  in  tbe  (Geological  Resuryey  of  the  Cripple 
Creek  district,  Colorado.    Bull.  254,  U.  S.  G.  S.,  pp.  36,  1904. 

LINDQREN,   WALDEMAR. 

The  dry  leads  of  Victoria,  Australia.     (Min.  Mag.,  vol.  IL  pp. 
33-40,  Jan.  1905.) 

MAN80N,  MAR8DEN, 

The  reclamation   of  a  mountain  swamp.     (Assoc.  Bng.   Soc., 
Spring  Meeting,  May  27,  1904,  pp.  115-121:) 

MARTIN,  Q.  C. 

The  Greology  of  Garrett  county.     (Mar.  Geol.  Sur.,  Garrett  coun- 
ty, pp.  55-183.) 

MARTIN,  Q.  C. 

The  mineral  resources  of  Garrett  county.     (Mar.  Geol.  Sur.,  Gar- 
rett county,  pp.  183-233.) 

MARTIN,  Q.  C. 

Malacostraca,  Cirripedia.     (Mar.  (Geol.  Sur.,  Miocene,  pp.  94-97.) 

MARTIN,  Q.  C. 

Cephalopoda,  Gastropoda,  Amphlneura,  Scaphopoda.  (Mar. 
Geol.  Sur.,  Miocene,  pp.  130-273.) 

MARTIN,  Q.  C. 

Brachiopoda.     (Mar.  Geol.  Sur.,  Miocene,  pp.   402-404.) 

MARTIN,  Q.  C. 

Vermes.     (Mar.  Geol.  Sur.,  Miocene,  pp.  430-432.) 

MARTIN,  Q.  C. 

Radiolaria.     (Mar.  Geol.  Sur.,  Miocene,  pp.  447-460.) 

MATTHEWS,  E.  B. 

The  mineral  resources  of  Cecil  county.  (Mar.  Geol.  Sur.,  Cecil 
county,  pp.  195-226.) 

MATTHEW,  W.  D. 

Fossil  Carnivores,  Marsupials  and  small  mammals  in  the 
American  Museum  of  Natural  History.  (Am.  Mus.  Jour.,  vol.  5, 
pp.  23-59,  Jan.,  1905.) 

MATTHEW,    W.    D. 

The  arboreal  ancestry  of  the  Mammalia.     (Am.  Nat.,  vol.  38, 
pp.  811-819,  Nov.-Dec,  1904.) 

MERRIAM,  J.  C. 

Types  of  limb-structure  in  the  Triassic  Ichthyosauria.  (Am. 
Jour.  Sol.,  vol.  19,  Jan.  1905,  pp.  23-31.) 

MIDDLETON,  JEFFERSON. 

Clay-working  Industries.     (Min.  Res.  U.  S.,  1903,  pp.  791-866.) 

OGILVIE,   I.   H. 

The  effect  of  superglacial  debris  on  the  advance  and  retreat  of 
some  Canadian  glaciers.  (Jour.  Geol.,  vol.  12,  pp.  722-744,  Nov.- 
Dec,  1904.) 

OLIPHANT,  F.   H. 

Petroleum.     (Min.  Res.  U.   S..  1903.  pp.   635-719.) 


1 20  The  American  Geologist.  February.  ieo& 

OLIPHANT,  F.  H. 

Natural  Gas.     (Min.  Res.  U.  S.,  1903,  pp.  719-745.) 

OSBORN,  H.  F. 

The  present  problems  of  paleontology.     (Pop.  ScL  Month.,  toL 

66,  pp.  226-243,  Jan.,  1905.) 

PARKER,  E.  W. 

Coal.     (Min.  Res.  U.  S.,  1903,  pp.  351-539.) 

PARKER,  E.  W. 

Coke.     (Min.  Res.  U.  S.,  1903,  pp.  539-609.) 

PARKER,  E.  W. 

Gas,  Coke,  Tar  and  Ammonia  at  gas  works  and  in  retort  coke 
ovens.     (Min.  Res.  U.  S.,  1903,  pp.  609-635.) 

PATTON,   H.  B. 

Fault-planes  in  the  Dakota  fire-clay  beds  at  Ctolden,  Ck>lo.  [Ab- 
stract].    (Bull.  G.  S.  A.,  vol.  15,  p.  583.) 

PEPPEL,  S.   V. 

Sand-Lime  Brick  Industry.     (Min.  Res.  U.  S.,  1903,  pp.  866-883.) 

PHILLIPS,  F.  C. 

Chemical   composition  of  natural  gas.     (West  Virginia  QedL 

Sur.,  vol.  lA.  513-552.) 

PRATT,  JOS.   H. 

Lithium.     (Min.  Res.  U.  S.,  1903,  pp.  313-317.) 

PRATT,  JOS.  H. 

Talc,  soapstone  and  abrasive  materials.     (Min.  Res.  U.  S.,  1903, 
pp.  779-1017.) 

PRATT,  J.   H.    (JOS.  STRUTHERS  and). 

Tin.     (Min.  Res.  U.  9..  1903,  pp.  335-351.) 

PRATT,  J.   H. 

Stoel-hardeninK  metals.     (Min.  Res.  U.  S.,  1903,  pp.  285-309.) 

PRATT,  J.  H. 

Sulphur,  barvtes,  mineral   paints  asbestos.     (Min.  Res.  U.  8., 

1903.  pp.  1073-1111.) 

PRATT,  J.    H. 

P'liiorspar  and  Cryolite.     (Min.  Res.  U.  S.,  1903,  pp.  1029-1033.) 

PRATT,  J.  H. 

Graphite.     (Min.  Res.  \\  S.,  1903.  pp.  1121-1131.) 

PRATT,  J.  H. 

Monazitc  and  zircon.     (Min.  Res.  U.  S.,  1903,  pp.  1163-1171.) 

RANSOME,  F.  L.  (WALDEMAR  LiNDGREN  and). 

Report  of  progress  in  the  Geolopical  Resurvey  of  the  Cripple 
Creek  district,  Colorado.     (Bull.  254,  TT.  S.  G.  S.,  pp.  36,  1904.) 

RICKARD,  T.   A. 

The  Copper  mines  of  lake  Superior.  XIL    Final  paper.     (Bng. 
Min.  Tour.,  vol.  78.  p.  1025.  Dec.  29,  1904.) 

RIES,  HEINRICH. 

Flint  and  Feldspar.     (Min.  Res.  U.  S..  1903,  pp.  1117-1121.) 


Monthly  Atttbor^s  Catalogue.  121 

RIQQ8,  E.  8. 

Structure  and  relationships  of  the  opisthocoelian  dinosaurs. 
Part  II.  The  Brachiosauridae.  (Field  Col.  Mus.,  Geol.  Ser.,  vol.  2, 
No.  6.  pp.  329-347,  Sept.,  1904.) 

RUSSELL,   L   C. 

The  Influence  of  caverns  on  topography.  (Science,  vol.  21,  p. 
30,  Jan.  6,  1905.) 

SALISBURY,   R.  D. 

Three  new  physiographic  terms.  (Jour.  Creol.,  vol.  12,  pp.  707- 
716,  Nov.-Dec,  1904.) 

SHATTUCK,    Q.    B. 

Development  of  knowledge  concerning  the  physical  features  of 
Cecil  county,  with  bibliography.  (Mar.  (leol.  Sur.,  Cecil  county^ 
pp.  31-62.) 

SHATTUCK,  Q.  B. 

The  Physiography  of  CeM  county.  (Mar.  Geol.  Sur.,  Cecil 
County,  pp.  63-82.) 

SHATTUCK,  Q.  B. 

The  Miocene  deposits  of  Maryland;  Geological  and  Paleonto- 
logical  relations  with  a  review  of  earlier  investigations.  (Mar. 
(yeol.  Sur.,  Miocene,  pp.  xxxiil-cxxviii.) 

SHATTUCK,  Q.  B. 

The  Greology  of  the  coastal  plain  formations.  (Mar.  Geol.  Sur., 
Cecil  county,  pp.  149-194.) 

SHIMEK,  B. 

Fresh-water  shells  in  the  loess.  [Abstract].  (Bull.  G.  9.  A., 
vol.  15,  p.  576.) 

'     STEVENSON,  JOHN   J. 

Memoir  of  J.  Peter  Lesley.  (Bull.  G.  S.  A.,  vol.  15,  pp.  522-541, 
portrait.) 

SMITH,  G.  O.  (and  F.  C.  CALKINS). 

A  geological  reconnoissance  across  the  Cascade  range  near  the 
forty-ninth  parallel.     (Bull.  235,  U.  S.  G.  S.,  pp.  103,  1904.) 

SPENCER,  J.  W. 

Submarine  great  canyon  of  the  Hudson  river.  (Am.  Jour.  Sci., 
vol.  19,  Jan.,  1905,  pp.  1-16.) 

STRUTHERS,  JOS. 

Aluminum  and  Bauxite.     (Min.  Res.  U.  S.,  1903,  pp.  265-281.) 

STRUTHERS,  JOS. 

Antimony  and  Arsenic.     (Min.  Res.  U.  S.,  1903,  pp.  317-335.) 

STRUTHERS,  JOS.  (and  J.  H.  PRATT). 

Tin.     (Min.  Res.  U.  S.,  1903,  pp.  335-351.) 

SWANK,  JAMES  M. 

Statistics  of  the  American  iron  trade  for  1903.  (Min.  Res.  U. 
S.,  1903,  pp.  75-129.) 

TAFF,  J.  A. 

Preliminary  report  on  the  Greology  of  the  Arbuckle  and  Wichita 
mountains  In  Indian  Territory  an^  Oklahoma.  (Prof.  Pap.,  U.  S. 
G.  S.,  No.  31,  1904.) 


1 22  The  American  Geologist .  February,  loos 

TIGHT,  W.  G. 

Glaciation  of  the  high  plateau  of  Bolivia,  South  America  [Ab- 
stract].    (Bull.  G.  S.  A.,  vol.  15,  p.  584.) 

tpDD,  J.   E, 

Description  of  the  Huron  quadrangle.     (U.  S.  Greol.  Atlas,  Folio 

113.) 

TODD,  J.   E. 

The  Benton  formation  in  eastern  South  Dakota.     (Bull.  G.  S.  A, 
vol.  15,  pp.  569-575.) 

ULRICH,  E.  O.  (and  R.  S.  BASSLER). 

Ostracoda.     (Mar.  Geol.  Sur.,  Miocene,  pp.  98-130.) 

ULRICH,  E.  O.   (and  R.  S.  BASSLER). 

Bryozoa.     (Mar.  Geol.  Sur.,  Miocene,  pp.  404-430.) 

ULRICH,    E.   O. 

Hydrozoa.     (Mar.  Geol.  Sur.,  Miocene,  pp.  433-438.) 

VAUGHAN,  T.  W. 

Anthozoa.     (Mar.  Geol.  Sur.,  Miocene,  pp.  438-447.) 

WEEKS,  F.  B. 

Bibliography  and  Index  of  North  American  (Geology,  paleonto- 
logy, petrology  and  mineralogy  for  the  year  1903.    BuU.  240,  XJ.  S. 

G.  S.,  pp.  243,  1904. 

WEIDMAN,   S. 

Widespread  occurrence  of  fayalite  in  certain  igneous  rocks  of 
Wisconsin.     [Abstract].     (Bull.  G.  S.  A.,  voL  15,  p.  661.) 

WHITE,  I.  C. 

West  V  irginia  Geological  Survey.    Petroleum  and  Natural  Gas. 
Precise  levels.    Vol.  lA,  pp.  625,  Morgantown,  1904. 

WILCOX,  O.  W. 

On  certain  aspects  of  the  I^ess  of  southwestern  Iowa.     (Jour. 
Geol..  vol.   12,  pp.  71C-722.  Nov.-Dec,  1904.) 

WILLISTON,  S.  W. 

Notice  of  some  new  rei)tiles  from  the  upper  Trias  of  Wyoming. 

(Jour.  (Jeol..  vol.  12,  pp.  6S8-698,  Xov.-Dec,  1904.) 

WINCHELL,  N.   H. 

Xott's  on  the  geology  of  the  Hellgate  and  Big  Blackfoot  valleys, 
Montana.     [Abstract].     (Bull.  G.  S.  A.,  vol.  15,  p.  576.) 

WOODBRIDGE,  D.   E. 

The  Mesabi  Iron  Range.      I.     (Bng.  Min.  Jour.,  vol.  79,  p.  74.) 

WRIGHT,   I.  W. 

The  Porcupine  placer  district,  Alaska.     Bull.  236,  U.  S.  O.  8., 

pj).  :ir>.  1001. 

WRIGHT,  G.  F. 

Evidence  of  the  agency  of  water  in  the  distribution  of  the  loeii 
in  the  .Missouri  valley.     [Abstract].     (Bull.  G.  S.  A.,  vol.  15,  p.  576.) 

YALE,  C.  G. 

Borax.     (Min.  Res.  U.  S.,  1903,  pp.  1017-1029.) 
YALE,  C.  G. 

Magnesite.     (Min.  Res.  U.  S.,  1903,  pp.  1131-1137.) 


Correspondence. 


123 


CORRESPONDENCE, 


FoRAJaNIFERA  COLLSCTBD  FUOM  THB  BLUKFS  AT    SaNTA   BaRBABA« 

Oalifornia  During  a  recent  risit  to  Santa  Barbara  the  writer  col- 
lected a  niimber  of  Foraminifera  from  the  Pleistocene  beds  in  tho 
Bryozosin  sand  which  is  beautifully  exposed  on  the  beach  and  also  a 
number  from  the  same  series  several  hundred  feet  higher  up  in 
the  hill  south  of  the  city.  While  the  species  present  in  these  two 
horizons  appear  to  be  almost  identical  they  vary  remarkably  in*  the 
number  of  forms  present.  For  example  in  the  lower  beach  blufT  the 
species  most  abundant,  Polystomella  crispa  (Linn6),  is  not  at  all 
common  in  the  upper  hill  series.  Other  forms' are  plentiful  above 
but  seem  to  be  scarce  in  the  lower  bldff. 

The  fauna  is  decidedly  north  temperate,  belonging  to  the  series 
described  by  Parker  and  Jones  in  the  North  Atlantic  and  Arctic 
oceans  of  to-day.  There  are  however  a  few,  belonging  to  the 
Miliolidae,  which  appear  to  belong  somewhat  farther  south.  There 
are  a  large  number  of  Miliolidae  belonging  to  several  types  of 
which  Miliolina  seminulum  is  the  most  abundant,  and  of  the  bilo- 
culine  type  Biloculina  ringens  is  all  abundant  in  the  hill  series  and 
rather  rare  in  the  bluff  beds  below.  The  Lagenae  present  in  both 
horizons  are  most  varied  and  beautiful  and  are  best  separated  from 
the  matrix  by  soaking  and  floating  off  on  water.  The  list  of  species 
identifled  is  as  follows.  Unless  otherwise  mentioned  the  species 
belong  to  both  the  beds  at  the  top  of  the  hill  below  the  city  and 
also  in  the  bluff  along  the  shore  near  the  wharf. 

The  formation  from  which  these  Foraminifera  are  obtained  has 
been  very  ably  described  in  a  monograph  by  Ralph  Arnold  in  the 
Mem.  Cal  Acad.  Sci.  vol.  iii,  1903.  (The  Paleontology  and  Strati- 
graphy of  the  Marine  Pliocene  and  Pleistocene  of  San  Pedro,  Cal.) 

Near  Hill-Crest.  Beach-BlaB 


Biloculina  depressa  d'  Orbigny. 
*'  ringens  (Lamarck). 

Bollvina  punctata  d'  Orbigny. 
Bulimina  subteres  Brady. 
Cassidulina  crassa  d'  Orbigny. 

laevigata  d'  Orbigny. 
subglobosa  Brady. 
Discorbina  globularis  (d'  Orbigny). 
turbo  (d*  Orbigny). 
vilardeboana  (d'  Orbigny). 
Gaudryina  pupoides  d'  Orbigny. 

rugosa  d'  Orbigny. 
Globigerina  bulloides  d'  Orbigny. 
Lagena  globosa   (Montagu), 
gracilis  Williamson, 
lagenoides  (Williamson), 
laevis  (Walker  ft  Boys), 
marginata  (Walker  ft  Boys), 
melo  d'  Orbigny. 
quadrata  Williamson. 
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semistriata  Williamson, 
squamosa   (Montagu).- 
striata  d'  Orblgny.  Abundant 

striatopunctata  Parker  &  Jones.  Two 
sulcata  (Walker  &  Jacob).' 
Miliolina  auberlana  d'  Orbigny. 

bicornis  (Walker  &  Jacob) 
cuvieriana  (d*  Orblgny). 
linnaeana  (d*  Orbigny). 
oblonga  (Montagu), 
pulchella  (d'  Orblgny). 
seminulum  (Llnn6). 
trlcarinata  (d*  Orblgny). 
trigonula  Lamarck, 
venusta  (Karrer). 
Nodosaria  obllqua  (Linn6). 

vertebralis    (Batsch). 
Nonionina  depressula  (Walker  &  Jacob). 

scapha  (Fichtel  &  Moll).  Common 

stelligera  d'  Orblgny.  Abundant 

umbilicatula  (Montagu). 
Polymorphina  communis  d'  Orbigny.  Rare 

complanata  d'  Orblgny.         Six 
compressa  d'  Orblgny. 
lactea  (elongate  Var.  W  &  J)  One 
problema  d'  Orbigny.  " 

Polystomella  crispa  (Linn6).  Not  very  com.    All  abund. 

subnodosa  (Munster).  Rare 

Spiroloculina  tenuis  (Czjzek).  One  " 

Triincatulina  lobatula  (Walker  &  Jacob).  Common  Not  Rare 

variabilis  d'  Orbigny.  "  (but  less  than  T.  loba- 

**  wuellerstorfi   (Schwager).     One  [  tula)  Absent 

RcFUS  M.  Baqo.  Jr 

Meeting  OF  Section  A  of  thk  American  Palabontolcuioal 
Society. — The  vertebrate  palaeontologists  had  an  Interesting  meet- 
ing? at  Philadelphia  during  Convocation  week.  Prof.  Henry  F.  Os- 
born  presid.'d.  At  the  close  of  the  meeting  Prof.  W.  B.  Scott  was 
elected  president  and  Marcus  S.  Farr,  secretary,  for  the  coming 
year,  in  all  eighteen  papers  were  presented.  The  three  sessions 
hehl  did  not  furnish  time  for  the  reading  of  all  these.  President 
Osborn  delivered  the  annual  address  on  "Ten  years*  progress  in 
Mammalian  Palaeontology."  This  is  to  be  published  in  full.  The 
last  session  was  occupied  in  a  discussion  on  the  phylogeny  and 
classification  of  the  reptiles.  Prof.  Osborn  opened  with  a  general 
review  of  the  subject,  pointing  out  the  gradual  development  of  the 
Uh'ii  of  a  double  grouping  of  the  reptiles,  beginning  with  Baur's 
phylogeny  published  in  1S81>  and  continued  in  the  discussions  of 
C()]n\  Woodward.  Broom,  Xoposa.  Williston,  Boulenger,  Osborn  and 
McCJregor.  Prof.  Osborn  stated  that  the  chief  difference  among 
writers  related  to  the  position  of  the  Ichthyosaurla,  the  Sauro- 
ptergia.  and  the  Testudinata.  Prof.  Williston  spoke  especially  re- 
garding the  plesiosaurs  and  turtles.  He  regarded  the  two  groups 
as  fundamentally  different.  The  characters  distinguishing  them 
are  as  follows: 
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Tartka,  Pteshsaurs, 

Vomer  unpaired.  Paired  vomers. 

No     posterior     parasphenoidal  A  separate  parasphenoid. 

process.  Opisthotic  not  separate. 

Opisthotic  separate.  Cervicals  from  thirteen  to  sev- 
Cervical  vertebrae  eight.  enty-six. 

Kibs  intercentral  in  attachment  Ribs  diapophysial  in  attachment 

Ten  dorsal  vertebrae.  Twenty  dorsals. 

Dr.  J.  H.  McGregor  maintained  that  the  Ichthyosauria  belong 
to  the  Diapsida  and  that  the  closed  condition  of  the  temporal  roof 
is  secondary  in  nature.  Dr.  O.  P.  Hay  showed  that  the  original 
condition  of  the  temporal  region  was  a  covered  one,  as  shown  by 
the  skulls  of  the  primitive  Amphichelydla,  all  the  older  genera  of 
turtles,  and  the  lower  families  of  living  turtles.  The  roof  has  be- 
•come  reduced  through  excision  from  behind  in  most  cases;  from 
below,  in  others.  There  has  never  been  any  true  supratemporal 
fossa.  The  turtles  have  been  derived  from  the  Cotylosauria,  pos- 
sibly through  the  Chelydosauria.  He  maintained  that  the  turtles 
.and  the  plesiosaurs  are  so  different  that  they  belong  to  different 
isubclasses. 

A  paper  was  read  for  Dr.  F.  B.  Loomis  on  "The  Amherst  col- 
lege expedition  to  the  Wasatch  and  Wind  river  basins  in  1904." 
New  localities  for  vertebrate  fossils  were  found  and  some  interest- 
ing forms  were  obtained.  Mr.  O.  A.  Petersen  reported  on  some 
Investigations  in  the  region  where  Daemonelix  is  found.  He  con- 
-cludes  that  the  fossil  is  the  burrow  of  the  rodent  Steneoflber.  Mr. 
Earl  Douglass  sent  a  paper  and  drawings  describing  a  monotreme- 
like  mammal  from  the  White  River  beds  of  Montana.  Prof.  W.  B. 
Scott  gave  a  most  interesting  talk  on  South  American  ungulates. 
He  presented  a  classification  of  the  Notungulata  and  gave  the  char- 
acters of  the  divisions.    None  of  these  ungulates  possessed  horns. 

Dr.  O.  P.  Hay  presented  a  paper  entitled  "On  the  group  of  fossil 
turtles  known  as  the  Amphichelydia."  This  was  based  on  a  fine 
skeleton  of  Compsemys  plicatula  from  the  Jurassic  of  Wyoming 
and  several  good  skeletons  of  Baena  from  the  Brldger  beds.  This 
group,  founded  by  Lydekker,  is  thoroughly  established.  There  can 
he  no  doubt  that  it  gave  origin  to  the  Cryptodira  and  the  Pleurodlra. 
Extremely  interesting  papers. were  read  by  Dr.  Wm.  Patten  and 
Mr.  W.  J.  Sinclair,  the  former  on  "The  structure  of  the  Ostraco- 
derms,"  the  latter  on  "The  Marsupials  of  the  Santa  Cruz  formation." 
Dr.  Patten  exhibited  a  splendid  collection  of  specimens  of  Both- 
riolepis.  Dr.  M.  S.  Farr  reported  on  the  discovery  of  many  mam- 
mals in  the  Fort  Union  beds  of  Montana.  Prof.  S.  W.  Williston 
reported  on  an  Important  locality  for  Triassic  vertebrates  near  Lan- 
der, Wyoming.  Many  fine  remains  of  labyrinthodonts  were  obtain- 
ed; also  of  dicynodonts,  hitherto  not  found  in  America;  four  skulls 
of  phytosaurs;  and  other  remains  not  yet  determined. 

Dr.  E.  C.  Case  read  a  paper  entitled  "Characters  of  the  Chely- 
<]osauria.''    He  has  discovered  that  Cope's  genus  Diadectes  really 
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belongs  to  the  Chelydosauria,  and  a  fine  skull  enables  him  to  show 
that  the  group  possessed  many  of  the  characters  of  turtles.  Dr. 
Case  is  conylnced  that  the  turtles  originated  through  this  order  oC 
reptiles.  Dr.  W.  D.  Matthew  described  a  new  insectiyore  from  the 
Bridger  beds  of  Wyoming.  The  teeth  resemble  those  of  the  most 
primitive  creodonts,  the  skull  is  most  like  that  of  the  Centetidae, 
the  limbs  are  specialized  for  digging,  and  the  tail  is  long  and  very 
massive.  This  insectivore  belongs  to  the  genus  Pantolestes.  Dr. 
R.  S.  Lull  read  an  interesting  paper  on  "Footprint  interpretation.'' 
He  has  been  able  to  correlate  some  of , the  tracks  found  in  the  Con* 
necticut  river  valley  with  dinosaurs  known  from  their  skeletons. 
Dr.  C.  R.  Eastman  sent  two  papers  "Fossil  bird  renudns  from  Ar- 
missan,"  and  "Anaximandar,  the  earliest  precursor  of  Darwin." 

Mr.  Barnum  Brown  gave  an  account  of  the  exploration  of  a 
Pleistocene  Assure  in  northern  Arkansas,  from  which  he  has  taken 
nearly  two  thousand  identifiable  bones.  Most  of  these  belonged  to 
small  animals,  many  weasels  and  animals  which  had  been  dragged 
into  the  fissure  by  these  weasels.  Remains  of  some  of  the  larger 
animals  also  occurred,  such  as  saber-toothed  tigers,  deer,  hogs,  the 
musk  ox,  etc.  Although  many  of  the  fossil  species  cannot  be 
separated  from  living  forms  the  large  number  of  extinct  species 
places  the  age  of  this  fauna  at  some  time  prior  to  the  middle 
Pleistocene.  O.   P    Hay. 

A  Kekrence  Likrary.  — I  have  a  number  of  books  on  Ameri- 
can geology,  chiefly  official  reports  of  State  and  National  surreys, 
of  which  no  use  is  now  made  because  my  needs  are  met  by  the 
library  of  the  United  States  Geological  Survey.  These  I  should 
like  to  place  in  some  institution  where  they  will  be  of  practical  ser- 
vice. For  particulars  address,  G.  K.  Gilbert,  U.  8.  Grcological  Sur- 
vey, Washington.  D.  C. 


PERSONAL  AND  SCIENTIFIC  NEWS. 


TiiK  Gnkiss  of  the  Pyrenkks.  According  to  J.  Roussel 
(lUill.  (Icol.  Soc.  Franco,  4th  sen,  4tli  vol.,  pp.  380-386.  1904) 
the  j^neiss  in  all  its  cxiKJsnros  is  in  the  form  of  lenticular 
masses,  which  shuws  tliat  it  docs  not  exist  everywhere  at 
the  base  of  the  sedimentary  rocks.  In  places  it  gives  way 
suddenly  to  crvslalline  schists. 

The  j^reat  masses  of  gneiss  present  all  the  characters  of 
tyi)ical  j^rneiss.  it  is  j^ray ;  its  mica  is  white  or  black,  and 
always  more  or  less  clearly  disposed  along  parallel  sur- 
faces, these  surfaces  being  wavy  or  lumpy  by  the  formation 
of  crystals  of  feldspar  or  of  quartz.     The  parallelism  of  the 
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mica  is  not  the  only  character  of  this  gneiss.  It  is,  further- 
more, clearly  divided  into  strata  more  or  less  thick  which 
differ  amongst  themselves  by  their  coarseness  of  grain,  their 
richness  in  mica,  the  development  more  or  less  complete  of 
crystallinity,  the  presence  or  absence  of  lenticular  crystals  of 
feldspar,  the  presence  or  absence  of  foreign  elements,  etc. 

This  division  into  strata  is  everywhere  very  distinct  in 
the  lower,  hence  the  older,  portion  of  the  formation. 

In  the  upper  part  the  parallelism  of  the  mica  is  less 
evident,  the  gneiss  passes  into  granite,  to  granulyte  and 
to  pegmatyte ;  and  in  certain  parts  of  the  Archean  sheets  of 
granite,  of  granulyte  and  especially  of  pegmatyte,  alternate 
with  crystalline  schists.  These  latter  are  ordinarily  glitter- 
ing, satiny  or  sericitic,  with  scales  of  white  mica  visible  to 
the  naked  eye  or  under  the  loup.  They  are  almost  every- 
where rich  in  minerals,  and  in  certain  cases  thev  contain 
grains  of  quartz  and  thus  pass  to  mica  schist.  Everywhere 
the  true  mica  schists  occur  only  exceptionally  in  the  Py- 
renees, whether  in  the  region  of  the  gneiss  or  in  that  of  the 
crystalline  schists. 

Observation  shows  that  at  all  horizons  of  the  forma- 
tion of  the  gneiss  are  certain  rare  lentilles  of  crystalline  tal- 
cosc.  chloritic  or  amphibolitic  schists  or  of  calcareous 
cipolins. 

Not  only  do  we  see  in  the  upper  portion  crystalline 
schists  alternating  with  gneiss,  but  in  the  mass  of  the  gneiss 
itself  can  be  seen  inclusions  of  schists  not  completely  di- 
gested. 

Everywhere  the  gneiss  is  in  the  form  of  lenticular 
masses :  everywhere  it  terminates  as  a  wedge  in  the  schists. 
At  the  ])oints  where  it  ends  thus  it  can  be  seen  to  alternate 
sveral  times  with  the  crvstalline  schists,  which  on  one  side 
penetrate  into  the  mass  of  the  gneiss,  while  on  the  other  it 
penetrates  into  the  schists.  This  can  be  observed  in  all  the 
exposures,  but  principally  in  the  high  valley  of  the  Soulceii, 
one  of  the  sources  of  the  Vicdessos. 

All  these  facts  prove  that  the  gneisses  and  the  schists 
of  the  Pvrenees  are  svnchronous. 

The  geological  map  shows  that  the  gneiss  appears  in 
the  same  places  as  the  granite,  although  the  two  rocks  do 
not  mutually  interpenetrate.  They  are  both  confined  prin- 
cipally to  that  central  ridge  already  mentioned  and  which 
occupies  of  itself  a  fifth  part  of  the  mountain  chain.  This 
ridge  is  replaced  in  the  eastern  part  of  the  Pyrenees  by  the 
folds  of  the  Canigau.  Raz-Mouchet  and  Albere ;  and  it  is 
these  then  that  alternate  with  the  gneiss.  Another  ])lace 
where  the  gneiss  and  the  granite  appear  is  in  those  ridges  in 
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whose  eastern  end  has  been  faulted  and  tilted  northward. 
The  facts  presented  in  this  rather  limited  area  apply  to  the 
remarkable  series  of  north  and  south  valleys  fflled  with 
alluvial  and  supposedly  lacustrine  sediments  found  through- 
out fhe  mountainous  region  of  Montana.     IV.  H,    JfWtf. 

Celestite- Bearing  Kocks — A  studvof  the  rocks — shales 
and  dolomitic  limestones — of  the  upper  portion  of  the  Salina 
epoch  in  central  Xcw  York  shovVs  that  celestite  occurs  quite 
widely  disseminated  throughout  them  (i)  in  the  form  of 
well  developed  crystals  and  (2)  in  small  circular  spots.  The 
celestite  was  no  doubt  deposited  simultaneously  with  the 
rock  material.  The  rocks  on  the  Island  of  Put-In-bav,  lake 
Erie,  and  in  southern  Michigan,  especially  those  at  the 
Maybee  c|uarry,  Monroe  Co.,  show  a  similar  occurrence  of 
celestite.  When  celestite  bearing  rocks  are  leached  by  the 
action  of  circulating  water  the  celestite  passes  quite  readily 
into  solution  and  the  rock  then  assumes  a  porous  character; 
in  this  manner  the  so-called  "vermicular  limestones'*  of  New 
York  and  also  the  "gashed"  and  **acicular''  dolomytes  of 
Michigan  may  be  explained.     /T.  //.  Kraus, 

Additional  Awards  to  the  Geological  Surveys  Exhibit- 
ing Pl'hlications  at  the  World's  Fair,  8t.  Louiia,  Mo. 

Grand  Prizes  were  Awarded  to  the  Followins^: 

The  (icological  Survey  of  India. 
The  (Geological  Survey  of  France. 
The  Cieological  Survey  of  Mexico. 
'I'he   Seismological   Survey  of  Japan. 

Siirer  Medals  were  Aiuarded  the  Fol!o7vin^ 

The  ( leological  Sur\ey  of  Louisiana. 

'IMie   rniversil\-  of  'i'exas  Mineral  Survey. 

University  (ieological  Survey  of  Kansas. 

'ilie  (leol(>gical  Survey  of  Wyoming. 

^Ilie  exhibit  of  the  ge(»logical  survey  of  Xorth  Carolina 
was  not  eligible  for  an  award  on  account  of  the  fact  that 
the  geoloi^Hst  in  charge  of  that  survey  was  also  chief  of  the 
Def>artiiient  of  Mines  and  Metallurgy  at  the  Exposition,  and 
a  member  of  the  sn])erior  jury  granting  the  awards. 
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JOHN  BELL  HATCHER.* 
CHARLB8  SCHOCHBRT.  New  HaveD.  Conn. 
PORTRAIT  PLATE  XI. 

The  daily  morning  papers  of  July  5,  1904,  announced 
the  death,  on  July  3,  of  one  of  America's  most  distinguished 
paleontologists,  John  Bell  Hatcher.  Early  in  June  he  was 
in  Washington  and  in  New  Haven,  studying  the  Ceratopsia 
of  the  National  and  Yale  University  museums.  While  with 
the  writer  at  that  time  he  more  than  once  complaint  of 
being  tired,  somewhat  listless,  and  ill,  but  these  feelings 
were  ascribed  to  overwork.  He  return<*d  home  full  of  plans 
for  the  future,  including  anotfier  trip  to  Patagonia,  little 
thinking  that  he  was  then  doomed.  His  vitality  had  been 
severely  taxed  in  Patagonia,  and  this  combined  with  the 
strenuous  nature  of  his  entire  life  made  him  physically  un- 
able to  withstand  an  attack  of  typhoid  fever,  the  presence  of 
which  had  not  been  determined  until  a  week  or  ten  days 
before  he  died.  His  death  is  all  the  more  keenly  felt  be- 
cause he  was  less  than  43  years  of  age.  and  because  it  fol- 
lowed so  soon  after  the  demise  of  another  distinguished 
paleontologist,  Charles  E.  Beecher. 

John  Bell  Hatcher,  the  son  of  John  and  Margaret  C. 
Hatcher  of  Virginia,  was  born  at  Cooperstown,  Brown 
county,  Illinois,  October  11,  1861.  His  parents  removed  to 
Greene  county,  Iowa,  when  he  was  very  young.  In  his 
childhood  he  was  not  strong  and  received  his  early  educa- 
tion from  his  father,  who  in  the  winter  months  combined 

•  Sketches  of  Hatcher  have  iwpeared  as  follows:  Wm.  B.  Scott,  Set- 
9Hce,  July  29.  1904,  pp.  139-142.  W.  J.  Hollakd,  Annals  Camegje  Must- 
»M,  II.  1904.  pp.  597-604,  portrait.  Gbobos  F-  Eaton.  Amer-  Jrur  Set., 
AuiTUSt,  1904,  pp.  lttt-4.  W.  J.  HollAnd,  Geoi.  Mag.,  Ix>ndon.  Nov.,  1904.  pp. 
568-573. 
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teaching  in  the  schools  with  the  labor  of  his  farm.  As  a 
boy  he  grew  stronger  and  worked  as  a  coal  miner ;  from  the 
income  thus  received  he  saved  sufficient  money  to  enable 
him  to  go  to  college.  In  1880,  he  entered  Grinnell  College, 
Iowa,  but  soon  left  for  Yale  University,  where  in  1884  he 
was  graduated  from  the  Sheffield  Scientific  School.  When 
a  coal-miner  his  attention  had  been  directed  to  geology  and 
paleontology,  and  he  then  made  a  small  collection  of  Car- 
boniferous fossils.  These  he  brought  to  New  Haven  and 
showed  to  professor  Brush,  who  later  introduced  him  to 
professor  Marsh,  and  thus  was  started  his  career  in  paleon- 
tology. He  impressed  upon  Marsh  that  he  wanted  to  col- 
lect and  study  fossils,  and  that  he  was  willing  to  work  at 
almost  anv  salary. 

The  graduating  exercises  hardly  over,  Hatcher  started 
on  a  collecting  tour  for  Marsh,  June  25.  1884,  for  Long 
Island,  Kansas,  where  he  was  for  a  time  associated  with 
Mr.  Charles  H.  Sternl)crg.  After  a  month's  apprenticeship 
he  began  to  collect  independently  and  soon  became  the 
foremost  collector  of  fossil  vertebrates  in  this  country. 
While  with  Marsh,  from  1884  to  1893,  nearly  all  his  time 
was  devoted  to  collecting,  ^n  1884,  he  was  in  Kansas  until 
late  in  Xoveniber,  then  spent  the  winter  months  until  the 
latter  part  of  March  around  Wichita  Falls,  Texas,  collect- 
ing rerniian  reptiles.  Most  of  the  year  1885  was  spent  in 
a  second  tour  about  i.on«^  Island,  Kansas.  In  1886,  he  col- 
lected in  the  1  Miocene  and  ( )ligocene  formations,  mostly 
near  Chadron,  Nebraska,  sending  to  Yale  carloads  of  mate- 
rial from  the  r>rc)ntotheriuin  beds.  This  was  his  first  great 
year  as  a  collector  and  ever  afterward  new  and' fine  speci- 
mens of  niamnials  and  re|)tiles  came  in  in  a  steady  stream. 
It  will  be  many  years  beh^re  all  these  collections  are  work- 
ed out. 

It  is  probable  that,  owing  to  the  strenuous  way  in 
which  Hatcher  vvorke<l  in  the  field,  his  great  summer's  toil 
of  1886  taxed  liis  strength  too  severely,  for  much  of  the 
winter  of  1886-87  he  lay  in  the  hospital  at  New  Haven  suf- 
fering from  inflammatory  rheumatism.  However,  early  in 
March.  1887,  he  was  again  back  at  Chadron  for  more  Br^n- 
iotherium     material.       During  the  late  autumn  and  winter. 
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months  he  collected  in  the  older  Mesozoic  deposits  around 
Washington,  D.  C,  Richmond,  Va.,  and  in  North  Carolina. 
The  age  of  these  beds  had  heretofore  not  been  satisfactorily 
determined,  but  here  as  elsewhere  Hatcher  was  successful 
in  securing  near  Washington  considerable  dinosaur  mate- 
rial, which  thus  enabled  Marsh  to  prove  the  presence  in  this 
region  of  the  Upper  Jurassic  formation.  In  1888  he  was 
again  at  Long  Pine  and  Chadron,  but  also  investigated  new 
regions — the  Judith  river  of  Montana  and  Hermosa,  South 
Dakota.  In  the  spring  of  1889  he  discovered  the  first 
Tric^ratops^  near  Lusk,  Wyomiiig,  and  continued  to  ex- 
hume these  large  and  remarkable  dinosaurs  until  1892. 
During  this  time  he  took  up  not  less  than  50  individuals  of 
Ceratopsia,  33  of  which  had  more  or  less  perfect  skulls ;  also 
parts  of  ten  or  more  and  two  remarkably  complete  skele- 
tons of  Claosaurus  now  mounted  in  high  relief — one  at  the 
U.  S.  National  Museum,  the  other  at  Yale.  During  this 
period,  also,  he  collected  in  a  new  and  novel  way  many 
Laramie  mammals  from  ant  hills.  To  secure  these  small 
remains,  one  man  would  hold  a  bag  while  another  would 
throw  into  it  rapidly  several  shovelfulls  of  the  "mammal 
sand,"  leaving  the  bag  until  the  next  day,  when  all  the  ants 
would  be  found  to. have  crawled  out  of  the  dirt. 

When  with  Marsh  at  New  Haven,  Hatcher's  time  was 
devoted  to  the  preparation  and  study  of  the  fossils  he  had 
collected,  and  to  familiarizing  himself  with  them  as  an  aid 
to  further  field  work.  From  1884  to  1892  he  sent  in  nearly 
900  boxes  of  vertebrate  material.  As  a  rule,  these  boxes 
were  of  large  size,  and  one  exceeded  three  tons  in  weight. 
This  huge  box  (about  10  feet  long,  5  feet  wide  and  6  feet 
deep)  contained  the  largest  known  skull  of  Triceratops, 
had  to  be  lifted  out  of  a  ravine  fifty  feet  deep,  and  hauled  to 
the  railroad  over  a  trackless  country  and  through  streams 
for  more  than  forty  miles.  It  is  no  exaggeration  to  state 
that  during  the  20  years  of  Hatcher's  paleontological  activ- 
ity, he  with  the  assistance  of  a  few  field  helpers  sent  to  the 
U.  S.  National  Museum,  and  to  Yale,  Princeton,  and  Car- 
negie museums,  not  less  than  1500  boxes  of  fossils.  This 
is  a  record  that  will  stand  unequaled,  a  work  that  Hatcher 
loved,  resulting  in  material  part  of  which  he  hoped  it  would 
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be  his  lot  to  study.  After  Marsh's  death  the  uncompleted 
Ceratopsia  volume  was  assigned  to  Hatcher  by  the  U.  S. 
Geological  Survey.  This  gave  him  much  gratification,  for 
he  was  thus  enabled  to  associate  his  name,  not  only  as  a 
collector,  but  also  as  a  student,  with  these  great  and  curious 
beasts,  all  of  which  he  had  discovered  and  taken  up.  In 
this  work  again  was  shown  his  unbounded  enthusiasm  and 
strenuosity,  as  nearly  all  the  liberal  financial  allotment  from 
the  U.  S.  Geological  Survey  was  spent  by  him  on  pre- 
parators,  draughtsmen,  and  clerks.  Not  more  than  a  few 
hundred  dollars  remained  for  his  own  services,  but  at  any 
cost  the  volume  must  be  completed  by  July  i,  1904,  and  this 
would  have  been  accomplished  had  not  sickness  overtaken 
him.  However,  it  is  a  source  of  great  satisfaction  to  his 
friends  that  he  left  the  manuscript  and  drawings  for  this 
large  volume  nearly   finished. 

Of  his  unecjualed  ability  in  the  field,  Scott  has  said: 
"Hatcher  had  a  j)ositive  genius  for  that  particular  kind  of 
work.  *  *  *  Marvelous  powers  of  vision,  at  once  tele- 
scoj)ic  and  microscopic,  a  dauntless  energy  and  fertility  of 
resource  that  laughed  all  obstacles  to  scorn.  *  *  *  He 
mav  he  said  to  have  fairlv  revolutionized  the  methods  of 
collecting  vertebrate  fossils,  a  w^ork  which  before  his  time 
had  been  almost  wholly  in  the  hands  of  untrained  and 
unskilled  men,  but  which  he  converted  into  a  fine  art." 

In  the  spring  of  1893  Hatcher  accepted  a  call  to  Prince- 
ton l^niversity  as  curator  of  vertebrate  paleontology  and 
assistant  in  geology.  Of  his  career  at  Princeton  Scott  has 
stated  :  He  **at  once  threw  himself  into  his  new  duties  with 
characteristic  ardor.  For  the  three  summers  of  1893-5  he 
conducted  field-parties  of  students  through  large  parts  of 
I 'tab,  Wyoming  and  South  Dakota  and,  with  all  of  his 
old  interest  and  skill,  gathered  priceless  collections  of 
mammals  from  the  Uinta,  White  River,  I.x>up  Fork  and 
Sheridan  beds,  accomplishing  wonders,  in  spite  of  scanty 
resources  which  sadly  hampered  his  plans.  His  students 
became  his  enthusiastic  friends  and  admirers,  glorying  in 
the  courage  and  devotion  which  overcame  every  obstacle, 
material  or  moral.  In  return.  Hatcher  took  the  warmest 
interest   in  his  students,   especially   in    those    who    were 
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struggling  against  difficulties  to  secure  an  education;  in 
the  quietest  and  most  unostentatious  way  he  was  contin- 
ually devising  effective  means  to  help  such  students  to 
help  themselves  and  thus  enabled  them  to  continue  their 
studiies  without  any  impairment  of  their  self-respect. 

"The  most  important  work  which  Hatcher  undertook 
during  his  connection  with  Princeton  was  his  exploration 
of  Patagonik  in  the  years  1896  to  1899.  The  plan  was  all 
his  own  and  was  not  proposed  to  the  geological  depart- 
ment until  everything  was  nearly  ripe  for  action;  he  se- 
cured the  greater  part  of  the  necessary  funds  and,  with 
characteristic  generosity,  was  himself  a  liberal  contributor. 
How  successful  this  jgreat  undertaking  was  is  very  gener- 
ally known.     *     *     * 

**The  principal  object  of  the  expeditions  was  to  gather 
the  most  extensive  possible  series  of  the  fossil  mammals 
for  which  Patagonia  has  been  so  famous  since  the  days  of 
Darwin's  'Voyageof  the  Beagle/  and  next  to  determine 
the  stratigraphical  succession  of  the  beds  in  which  these 
fossils  occur.  This  involved  extensive  explorations  of 
regions  where  no  white  man  had  ever  been  before  and 
brought  to  light  much  geographical  information.  At  the 
same  time,  the  plants  and  recent  animals  were  collected,  so 
far  as  it  was  possible  to  do  so  without  sacrificing  the  prin- 
cipal end  in  view,  and  in  these  departments  also  an  unex- 
pected measure  of  success  was  attained,  and  a  represen- 
tative series  illustrating  the  botany,  zoology  and  paleon- 
tology of  Patagonia  was  secured. 

**Hatcher  then  conceived  the  plan  of  publishing  to- 
gether in  one  uniform  serie^  of  reports,  by  the  hands  of 
different  specialists,  all  these  results,  which  would  other- 
wise necessarily  appear  in  separate  form,  scattered 
throughout  the  various  technical  journals.  This  plan  was 
submitted  to  Mr.  J.  Pierpont  Morgan,  and  to  his  liberality 
it  is  due  that  this  cherished  scheme  is  now  in  process  of 
realization  and  in  a  manner  surpassing  the  hopes  of  its 
original  proposer.  *  *  *  He  [Hatcher]  has  raised  for 
himself  an  enduring  monument  in  these  volumes,  which 
owe  their  existence  to  him,  however  mucji  or  little  may  be 
his  verbal  contribution  to  their  contents." 
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On  February  i,  igoo,  Hatcher  accepted  the  position  of 
curator  of  paleontology  and  osteology  in  the  Museum  of 
the  Carnegie  Institute,  Pittsburg,  Pennsylvania.  Here  he 
had  the  generous  support  of  the  founder  of  the  museum, 
and  for  four  summers  carried  on  explorations  in  the  west- 
ern states.  Most  of  his  papers  were  written  while  at  Pitts- 
burg, and  one  of  the  best  is  the  description  of  Diplodocus 
carnegii.  It  is  Mr.  Andrew  Carnegie  s  wish  that  a  life-size 
reproduction  of  this  animal,  based  on  the  Pittsburg  speci- 
men, be  presented  to  the  British  Museum  of  Natural 
History.  During  the  18  months  previous ,  to  last  July, 
Hatcher  had  been  supervising  the  making  and  mounting  of 
this  great  restoration,  which  was  completed  while  he  lay 
on  his  sick  bed. 

Of  Hatcher's  expeditions  into  the  western  regions  he 
wrote  no  narrative,  but  of  his  great  expedition  into  Pata- 
gonia he,  in  1903,  presented  a  splendid  and  most  interesting 
quarto  volume  of  314  pages.  This  monumental  work,  en- 
titled "Narrative  and  Geography,"  is  inscribed  to  the  man 
that  found  Hatcher,  in  the  following  simple  words:  "To 
the  memory  of  Othnicl  Charles  Marsh,  student  and  lover 
of  nature,  this  volume  is  dedicated  bv  the  author."  Of  this 
volume  Dr.  Dall.  himself  an  early  explorer  in  similar  lands 
in  Arctic  rc\c^ions,  has  given  a  splendid  summary,  quotations 
from  which  are  here  given: 

"About  half  the  total  area  of  the  region  consists  of 
vast  terraced  plains  intersected  by  river  cariyons  and  of  a 
siil)ari(l  character,  which,  in  the  central  portion,  have  been 
(Overflowed  by  lava  beds  covering  hundreds  of  square  miles. 
l'(o  tlie  westward,  out  of  a  very  mountainous  region,  rises 
tlu'  Andean  ranj^e.  cut  here  and  there  by  rivers  which  rise 
in  lakes  on  its  eastern  side. 

"At  the  base  of  the  Andean  mountains  the  Patagonian 
plains  have  an  altitude  of  3,000  feet,  and  slope  very  gently 
to  the  eastward.  About  fifty  miles  from  the  Atlantic  coast 
tliey  descend  more  rapidly  by  a  series  of  terraces  or  escarp- 
ments which  face  to  the  eastward.  The  lowest  of  these 
has  an  average  altitude  of  350  feet  and  terminates  in  abrupt 
cliffs  which,  for  a  thousand  miles,  constitute  the  margin 
of  the  land,  except  for  a  narrow  beach  at  the  base,  which. 
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at  high  water,  is  covered  by  the  sea  or  drenched  with  the 
spray  of  a  perpetual  and  tremendous  surf. 

"Scanty  grasses  with  stunted  shrubbery  in  occasional 
patches  are  characteristic  of  these  vast  and  silent  stretches, 
redolent  of  loneliness  which  grips  the  imagination. 

"In  the  narrow  canyons,  or  by  the  rivers  in  broad  val- 
leys of  erosion,  the  traveler  may  come  upon  green  spaces 
where  the  vegetation  breaks  into  a  joyous  luxuriance, 
where  birds  abound,  and  deer  and  other  animals  meet  man 
with  fearless  curiosity.  Here  the  eye  may  search  in  vain 
for  a  limit  to  a  basaltic  desert  extending  in  flat  and  stern 
monotony  for  leagues  beyond  the  visible  horizon.  There 
some  broad  salt  pan  with  deceptive  mirage  mimics  the  pre- 
historic lake  of  which  it  forms  the  dregs.  At  times 
wrapped  in  gloomy  fogs  or  swept  by  tempests  of  incredible 
violence;  fronting  the  towering  Atlantic  surges  with  un- 
shaken cliffs  afld  serrate  talus,  looking  out  to  shifting  bars 
of  sand,  the  terror  of  the  navigator;  a  vast  cemetery  for 
ghostly  herds  upon  the  like  of  which  alive  no  man  has  ever 
gazed;  it  is  a  strange,  silent,  bitter,  lonely  land. 

"How  our  author  went  out  into  it,  what  he  met,  and 
how  he  fared,  are  told  in  modest  yet  most  interesting 
fashion  in  this  stately  quarto.  His  story  is  so  interesting 
and  the  unpretentious  courage  of  the  narrator  so  evident, 
the  spirit  of  the  land  and  its  mysterious  fascination  so  fully 
expressed,  that  few  will  close  the  book  without  a  regret 
that  it  can  not  reach  a  wider  audience.  It  is  really  too 
good  to  be  reserved  for  the  readers  of  quartos. 

"The  volume  is  so  full  of  scientific  meat  that  it  is  diffi- 
cult to  make  a  satisfactory  abstract,  and  impossible  to  con- 
dense it  within  the  limits  of  such  a  review  as  this.  There 
is  something  for  every  taste.  The  life  of  bird  and  beast; 
the  phases  and  contrasts  of  vegetation ;  the  life  of  the 
Tehuelche  Indians  and  the  v^aifs  who  have  cast  civilization 
aside  like  a  garment,  at  the  call  of  the  wild;  the  topo- 
graphy and  geology ;  and  mingled  with  it  all  a  flavor  of  real 
North  American  character  to  which  something  in  each 
reader's  soul  will  leap  with  sympathy  and  admiration." 

In  character  Hatcher  was  a  very  plain,  unassuming, 
hard  working,  resourceful  man, — ^honest,  devoted,  fearless. 
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determined,  and  strenuous  to  a  remarkable  degree.  He 
hated  pretense  of  any  sort.  He  possessed  a  singularly 
original  and  independent  mind  and  the  keenest  powers  of 
observation. 

Hatcher  was  32  years  of  age  when  his  first  paper  was 
published,  and  during  the  last  ten  years  of  his  life  he  wrote 
46  articles,  the  largest  of  which  is  the  ''Narrative  and  Geo- 
graphy" of  Patagonia.  In  manuscript  he  has  another  large 
volume — "A  monograph  of  the  Ceratopsia" — nearly  com- 
pleted. There  is  considerable  variety  in  his  work,  as  may 
be  seen  from  the  following  summary:  25  papers  are  pale- 
ontologic,  16  stratigraphic,  4  physiographic,  i  ethnologic, 
and  I  a  narrative. 

While  Hatcher  is  famous  as  a  collector  of  vertebrate 
fossils  and  as  a  Patagonian  explorer,  he  also  stands  among 
the  leaders  of  vertebrate  paleontologists.  His  biologic 
work  is  that  of  a  careful  osteologist,  never  going  deeply 
into  morphology.  He  likewise  attained  pre-eminence  as  a 
stratigraphic  vertebrate  paleontologist.  During  the  past 
twenty  years  he  entered  the  field  each  year  for  many 
months  at  a  time,  and  saw  more  varied  stratigraphy  and 
collected  more  vertebrate  remains  than  any  other  man. 
Outside  of  the  Triassic  and  the  Lower  Cretaceous,  he  had 
studied  all  the  formations  of  the  Mesozoic  and  CenOzoic 
of  the  ^reat  West.  This  knowledge  was  to  bear  fruit  in 
the  coming  years,  as  he  had  agreed  to  cast  in  his  lot  with 
the  U.  S.  National  Museum  and  to  take  advantage  of  the 
splendid  opportunities  for  consultation  with  the  many  ac- 
tive geologists  and  paleontologists  of  the  U.  S.  Geological 
Survey.  His  greatest  days  were  to  come,  and  four  mu- 
seums were  to  reap  the  harvests  of  his  stratigraphic 
knowledge  and  thus  to  place  vertebrate  paleontology  upon 
a  sounder  chronologic  basis.  "Hatcher  was  cut  oflF  just 
when  his  powers  and  opportunities  had  reached  their  fullest 
development  and  the  boundless  field,  in  which  he  so  loved 
to  work,  lay  open  and  unrestricted  before  him."     (Scott). 

In  1887,  he  married  Miss  Anna  M.  Peterson,  who  with 
four  children  survives  him. 
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GEOLOGY  OF  THE  PEMBINA  REGION  OF  NORTH 

DAKOTA. 

Bt  CHABLK8  P.  Bbkkbt.  New  Turk  city. 
PLATE  XII. 


Prominent  es- 
carpments   form 
the  western  mar- 
gin   of    the    Red 
river  valley  in  the 
vicinity  of  the  in- 
ternational   boun- 
dary,   in    both  N. 
Dakota  and  Mani- 
toba.    These  are  known  locally  as 
the  '* Pembina  mountains.'*     A  maxi- 
mum development   is   reached  near 
the  Pembina  river  where  elevations 
of  600-700  feet  above  the  adjacent 
plain  are  common  and  form  a  strik- 
ing relief  from  its  monotony. 

Streams  entering  the  Red  river 
valley  in  this  region  have  in  all  cases 
cut  deep  gorges  into  the  margin  of 
these  escarpments  and  have  worked 
back  variable  distances  into  the 
highlands  beyond.  \W  far  the  most 
important  of  these  is  the  Pembina 
river.  The  Little  Pembina  is  its 
main  tributary  and  this  together  with  the  Tongue  river  10 
miles  farther  south  completes  the  list  of  streams  to  which 
frequent  reference  will  be  made. 

The  l*embina  has  cut  a  gorge  500  feet  deep  and  half  a 
mile  wide.  Relief  resulting  from  the  work  of  this  river 
and  its  tributaries  forms  the  most  prominent  physiographic 
feature  of  Cavalier  county,  North  Dakota.  At  many  places 
along  the  gorges  the  bluffs  are  bold  and  bare  exposing  all 
rock  formations  in  detail.  At  all  other  points  a  moderate 
covering  of  glacial  drift  and  soil  conceals  the  underlying 
rocks.  The  covering  is  seldom  more  than  20  to  30  feet 
thick   on   the   highland   country.     In   places  large  granite 


Ifap  ot  the  Pembina  region,  Nortb  Dakota.  The  stippled  area.  Is  delta 
deixnlt.  To  the  west  ot  Mill  deposit  the  underlying  formations  are 
Crel&ceoiu  ahaleai  to  the  east  are  the  typical  sIKs  of  the  Red 
River  Valley.     See  cross  sections.  Flits.  1  and  2,] 
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boulders  are  an  abundant  constituent,  contrasting  strongly 
with  the  clayey  local  facies  or  the  still  less  common  gravel, 
sand,  and  clay  mixture.     As  a  rule  the  soils  are  very  clayey. 

Structure  af  the  Escarpments  < — ^There  are  two  escarp- 
ments, one  behind  the  other,  in  the  Pembina  region.  The 
lower  one  is  known  as  the  "first  mountain"  and  is  best 
developed  in  the  vicinity  of  Walhalla,  North  Dakota, 
where  the  Pembina  river  debouches  upon  the  plain  of  the 
Red  river  valley.  Here  there  is  a  shelf  5  or  6  miles  wide, 
200  feet  above  the  plain  at  its  outer  margin,  which  grad- 
ually rises  toward  the  west  through  100  feet  or  more  to  the 
foot  of  a  second  escarpment  known  as  the  "second  moun- 
tain." At  this  point  another  ascent  of  200  to  300  feet 
reaches  the  general  level  of  the  highland  country  which  as- 
cends slowly  toward  the  Turtle .  mountains  beyond.  The 
entire  margin  of  this  area  was  described  by  Mr.  Upham* 
in  his  study  of  lake  Agassiz.  The  "first  mountain"  noted 
above  is  Mr.  Upham's  Pembina  delta  deposit.  The  whole 
shelf  was  considered  by  him  of  this  origin  and  separated 
from  the  shales  below  by  a  sheet  of  till. 

As  will  be  seen  from  the  accompanying  map,  the  Little 
Pembina  river  after  leaving  the  higher  plateau  runs  along 
the  base  of  the  second  escarpment  to  its  junction  with  the 
main  stream.  Great  quantities  of  boulders  and  some  till 
have  slid  into  this  part  of  the  gorge  as  undercutting  of  the 
bluffs  has  proceeded.  The  presence  of  such  material  in  this 
transverse  gorge  led  as  the  writer  believes  to  an  erroneous 
idea  of  the  true  structure  of  the  whole  first  mountain. 

Ordinarily  the  weathering  process  is  so  uniform  on  the 
soft  formations  of  the  bluffs  and  the  creep  of  the  clays  so 
gradual  that  none  of  the  real  ledges  might  be  seen  on  the 
east  side.  But  the  past  season  has  been  excessively  wet. 
The  severe  rain  storms  started  numerous  land  slides,  un- 
covering many  points  that  had  formerly  been  completely 
covered  with  mixed  residuary  and  alluvial  accumulations. 
A  recent  examination  therefore  made  clear  that  Cretaceous 
shales  occur  to  within  15  or  20  feet  of  the  top  of  the  bluffs 
on  both  sides  of  the  Little  Pembina  to  its  mouth.  The 
same  is  true  of  the  Pembina  from  this  point  still  farther 

east   for  probably  two  miles.     The   capping  of  the   shelf 

' ■^-^ • —  . 

•  U.  8.  O.  8.,  Monograph  zzv.  p.  197. 
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through  which  this  stream  runs  at  this  point  is  a  very  stony 
drift  and  it  is  certainly  from  this  deposit  that  the  boulders 
lying  down  in  the  gorge  were  derived  as  residuary  matter. 
This  same  relation  was  observed  on  one  of  the  tributaries 
of  the  Tongue  river  15  miles  farther  south. 

About  half  wav  across  the  shelf  however  conditions 
change.  Original  Cretaceous  beds  are  replaced  gradually 
by  granular  assorted  and  roughly  bedded  deposits  that  arc 
no  doubt  of  delta  origin.  On  the  shelf  itself  along  this 
outer  marginal  half  there  is  more  porosity  and  sandiness 
of  subsoil  as  noted  in  the  farm  lands  and  the  wells  are  very- 
deep  compared  with  those  situated  on  the  inner  half  of  the 
mountain.  One  half  of  the  total  area  is  therefore  no  doubt 
a  deha  deposit. 

The  accompanying  figure  representing  a  section  of  the 
two  mountains  and  crossing  the  transverse  portion  of  the 
Little  Pembina,  is  in  accord  with  the  above  conclusions. 


Sc^<oM^  }*r*unt%t 


n 


FIk.   1.    S('<Hion  across  the  Pembina    Delta,    showing   the    subdivision    of 
tli«'  Creta(?eous  shales  and   the  extent  of  the  delta  deposit. 

Some  portions  of  the  delta  deposit  and  accompanying 
drift  have  economic  value.  There  are  excellent  gravels  and 
in  some  places  the  assorted  granular  clays  are  workable. 
The  Cretaceous  shales  themselves  however  are  so  near  by, 
and  are  so  much  more  uniform,  and  are  of  so  much  greater 
range  of  use  that  the  delta  deposits  have  little  interest  from 
that  standpoint. 

Cretaceous  Shales. — The  main  bodv  of  the  Pembina 
mountains  is  made  up  of  Cretaceous  shales.  They  underlie 
the  delta  deposit  of  ''first  mountain"  and  the  Red  river 
valley,  in  part,  and  they  continue  westward  across  the 
whole  state  of  North  Dakota. 

In  color  the  shales  vary  from  cream-white  through  yel- 
low and  blue  and  green  to  brown  and  even  black.  Cream- 
white,  bluish  gray,  greenish    gray,    and    black    colors    arc 
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characteristic  of  continuous  beds.  Yellowish  color  is  local 
and  best  developed  where  conditions  are  favorable  to 
weathering  and  leaching  action,  while  the  brown  facies  is  in 
all  cases  due  to  staining  of  iron  oxides  formed  in  the  decay 
of  iron  pyrite. 

In  physical  characters .  all  are  moderately  soft  earthy 
shales.  The  sediments  of  which  they  are  formed  are  of 
very  fine  grain  and  remarkably  uniform.  There  is  an  oc- 
casional concretion  of  lime  or  iron  sulphide,  or  a  septarian 
nodule,  or  a  selenite  crystal  or  even  a  thin  slab  of 
lime  stone,  but  these  are  confined  to  a  few  horizons  and 
are  insignificant  in  comparison  to  the  great  mass  of  shales 
exposed.  There  is  occasional  faulting  on  a  very  small 
scale.  There  is  local  leaching  and  a  little  chemical  modi- 
fication, but  the  changes  are  slight. 

Petrographically  they  vary  from  black  carbonaceous 
shales  to  white  alum  shales,  and  from  bluish  gray  or  yellow 
marls  to  bluish  green  or  greenish  black  clay  shales.  Calcite, 
pyrite,  selenite,  and  limonite  are  secondary  minerals  of 
most  prominence  in  the  formation  as  a  whole. 

Chemically  the  beds  vary  greatly.  Lime,  iron,  and  car- 
bonaceous matter  are  the  chief  disturbing  factors.  One 
small  seam  of  coal  a  fraction  of  an  inch  thick  has  been 
seen,  but  in  general  the  carbonaceous  content  is  not  high 
in  the  regular  shales.  Lime  however  is  important  ranging 
in  the  various  beds  irom  a  fraction  of  one  per  cent  to  ex- 
treme values  of  over  70  per  cent  in  the  form  of  carbonate. 
Iron  is  as  a  rule  more  prominent  in  the  non-calcareous  beds. 
This  interchange  of  predominance  becomes  an  important 
factor  in  fixing  the  possible  uses  to  which  these  clays  may 
be  put. 

Sufr-ifiiision^  - — There  are  few  sharp  lines  of  distinction 
between  the  successive  beds.  Even  where  chemical  analysis 
shows  radical  differences,  the  formations  sometimes  present 
a  most  deceptive  uniformity  to*  the  eye.  Combining,  how- 
ever, such  physical  breaks  as  are  apparent  with  the  chemical 
differences  that  are  known,  the  following  general  succession 
is  characteristic  and  can  be  identified  throughout  the  dis- 
trict : 

E.    Black  and  grayish  brittle  shales  that  break  out  in  chips  or  in 
thin  laminae  like  paper  shales.    Where  carbonaceous  matter  is 
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prominent  they  are  very  black  in  color.  Iron  is  a  constant  im- 
purity, and  brown  or  yellow  staining  of  surfaces  and  veinlets  or 
fissures  following  water  seepage,  is  a  noticeable  effect. 

Thickness 300  feet4- 

D.  A  series  of  10  alternating  black  and  white  bands,  the  thickest 
being  about  6  inches.  The  black  bands  are  carbonaceous  while 
the  white  ones  are  siliceous  but  not  gritty  and  have  a  decided 
alum  taste.  The  contrast  between  these  two  types  is  ver>'  strik- 
ing and  their  persistence  throughout  the  Pembina  mountain  dis- 
trict makes  them  a  good  datum  horizon. 

Thickness 6  feet. 

C.  A  bed  of  dark  shale  heavily  stained  with  iron  and  carrying 
locally  excessive  quantities  of  g>'psum.  Lies  just  below  the 
black  and  white  series  and  in  places  its  firmness  causes  a  shelf- 
like break  in  the  bluffs  where  this  bed  is  exposed. 

Thickness 4  feet 

B.  Yellowish  or  bluish-gray  massive  limy  shales  or  marls,  carrying 
20-70  per  cent  calcium  carbonate  in  their  composition.  They 
are  not  uniform  throughout  their  whole  thickness,  but  are  re- 
solvable into  a  series  of  bsds  depending  upon  the  lime  content 
for  their  distinction.  They  are  more  massive  and  block-like  in 
their  habit  and  mora  uniform  in  their  appearance  than  any  other 
beds  of  this  area.     They  are  locally  called  "cement  beds." 

Thickness 150   f eet + 

A.  Greenish  and  grayish  black  laminated  shales  weathering  into 
plastic  clays.  They  are  low  in  lime  to  a  limit  of  less  than  one 
I)er  cent.  The  change  from  the  n^xt  overlying  beds  to  this  is 
gradual  and  is  marked  by  ths  change  to  low  lime  content.-  No 
sharp  line  can  bo  drawn.  Th'  r?  are  occasional  horizons  of  con- 
cretions. St  ptcrian  nodulfs  and  gypsum  crystals. 

.   Thickness 250   feet.-h 

'I1ic  above  series  of  heels  fonning  the  Pembina  moun- 
tains are  sui)i)ose(l  to  correspond  to  the  different  sub- 
divisions of  the  Cretace.>us  reco|T^nized  by  Babcock*  as  fol- 
lows : 

1^. — 300  ft.  l)hick   and  j^ray  shales. — Pierre. 

I). — ()  ft.  hlaek  and  wliite  bands. 

C. — 4   ft.    iron   and   ^.^^ypsuni   bed. 

1'. — ISO  ft.  blue  and  vellow  marls. — Xiobrara. 

A. — 230  ft.  j^reenish  and  black  clay  shales. — Benton. 

Fossils  are  rare  in  these  shales.  A  few  traces  are  seen 
in  the  Pierre  (IC)  but  none  were  identified.  Xone  at  cill  were 
in  cither  D  or  C. 

P)Ut  in  P>,  and  in  the  talus  clays  and  marls  along  the 

^Fint  Bifftnial  RejHtrt^  Geological  Suney  of  Xorth  Dakota,  1891^  E.  J.  Babcock* 

pp.    18-28. 
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weathered  bluffs  where  B  is  exposed,  a  few  good  fossils 
typical  of  the  Niobrara  have  been  found  by  the  writer. 
Ostrea  coni^esta  Conrad,  is  the  most  common.  Fragments 
of  a  large  shell  of  fibrous  structure  and  prominent  parallel 
ridging  are  also  common ;  they  probably  belong  to  Ino- 
ceramus  platinus  Logan.  In  one  case  a  fragment  of  this 
form  was  found  replaced  by  iron  pyrite  perfectly  preserving 
the  structure. 

The  mosasaurs  are  also  represented.  One  fragment 
of  a  lower  jaw  carrying  four  teeth  and  a  couple  of  verte- 
bra were  found  at  the  Mayo  location.  A  large  fish  verte- 
bra and  the  fore  part  of  the  upper  jaw  carrying  stubs  of 
teeth  were  found  at  the  same  place.  They  belong  to  the 
Portheus  of  Cope.  Together  the  few  forms  found  serve 
to  determine  the  age  of  these  marl  beds  as  Niobrara.  At 
Tongue  river  both  fish  and  mososaur  remains  fairly  com- 
plete have  been  repor^ted  from  the  cement  bed. 

No  fossils  have  been  observed  in  the  shale  beds  of 
division  A,  here  credited  to  the   Benton  formation. 

The  eastern  edges  xA  these  formations  are  exposed  in 
the  stream  gorges  of  the  ^'second  Pembina  mountain." 
Rarely  can  all  be  seen  at  any  one  point,  but  this  portion 
of  the  Cretaceus  series  is  readily  made  out  and  followed. 
What  there  is  below  A  or  above  E  does  not  appear  in  this 
area. 

Local   and    Economic  Descriptions. —  The     Tongue     River 

Section Tongue  river  cuts  deeply  enough  into  the  second 

mountain  to  expose  all  the  beds  down  to  and  including  the 
cement  beds.  A  short  distance  above  the  entrance  to  this 
gorge  where  the  marl  zone  is  particularly  prominent  the 
Tongue  river  cement  plant  is  situated.  At  this  point  it  is 
about  70  feet  from  the  bed  of  the  creek  to  the  base  of  the 
black  and  white  bands  of  bed  D  above.  Both  D  and  C  are 
in  typical  development,  but  only  about  50  feet  of  the  brittle 
shales  of  bed  E  are  exposed  because  of  drift  and  slide  from 
the  bluff. 

Cement  manufacture  has  been  the  chief  attraction  here. 
The  plant  is  making  a  natural  cement  that  is  claimed  to 
have  unusual  quality.  It  is  certainly  giving  good  satis- 
faction to  local  patrons.     An  extensive  plant  was  installed. 
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Lack  of  direct  railroad  connection  for  shipment  however 
is  a  great  handicap  and  its  operations  have  been  intermit- 
tent as  a  (jonsequence.  Several  years  of  experience  on  the 
ground  also  has  led  the  company  to  abandon  some  of  their 
earlier  equipment.  Burning  is  now  done  with  slack  coal  in 
two  open  42  foot  continuous  kilns.  Formerly  the  cement 
rock  for  the  works  was  obtained  from  the  70  foot  face  of  the 
bluff,  but  this  proved  unsatisfactory  through  lack  of  uni- 
formity. At  the  present  time  cement  rock  is  mined  from  a 
7  foot  bed  near  the  base  of  the  bluff. 

This  rock  is  drab  to  grayish  green  in  color  with  numer- 
ous small  white  specks.  It  is  very  fine  grained  and  uniform 
and  massive  rather  than  shalv  in  habit.  It  breaks  out  in 
large  blocks  and  is  reasonably  resistant  and  tough,  although 
soft  and  earthy  in  feel  and  easily  worked.  The  bed  is  set 
off  sharply  both  above  and  below  by  bedding  planes.  Little 
timbering  seems  to  be  required  and  the  workings  are  com- 
paratively dry.  The  bedding  is  not  quite  horizontal.  There 
is  a  slight  dip  toward  the  northeast.  Besides  these  are 
two  small  faults  with  displacements  of  one  to  two  feet. 
Joints  all  run  I^  and  W.  and  in  displacements  it  is  the  east- 
ern side  that  has  dropped. 

A  complete  chemical  analysis  of  the  rock  at  this  locality 
is  not  at  hand.  Tests  however  made  bv  the  writer  for  com- 
partive  purposes  on  the  lime  content  gave  CaCO^,  equal  to 
55.13  per  cent. 

Thf^LHtic  Pcmbna  Section  — In  the  Little  Pembina 
gorjT^e  also  the  cement  beds  are  cut  into,  and  in  its  lower 
course,  before  joining  the  main  Pembina  river,  the  underly- 
ing clay  shales  are  also  uncovered.  Nowhere  however,  is  there 
any  special  cpiality  of  material  or  any  special  attractions  of 
l(.)cation  to  encourage  development  of  either  marls  or  clays. 
The  cement  bed  is  the  same  as  that  at  Tongue  river  and  is 
doubtless  of  similar  grade.  The  writer  has,  however,  carried 
the  investigation  no  farther  than  an  identification  of  the  beds. 

The  Bii^  Pembina  Section  — The  main  Pembina  river, 
where  it  emerges  from  the  highland  country  of  the  Pembina 
mountains  cuts  400  feet  into  cement  marls  and  clay  shales. 
By  adding  to  this  the  higher  beds  that  appear  in  ascending 
the  stream  a  few  miles  as  much  more  is  found,  so  that  the 
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whole  series  represented  in  the  dissection  of  the  second 
mountain  may  be  tabulated  as  follows : 

Glacial  drift,  variable  in  thickness  and  character 0-25  ft 

Gray  to  black  brittle  shales 300  ft. 

Black  and  white  bands 6  ft. 

Cretaceous  )  Brown  iron  and  gypsum  bed 4  ft. 

Shales       \   Tellow  and  bluish  massive  marls....  150  ft. 

Black  and  greenish  gray  lamin- 
ated clay  shales .250       ft. 

Of  these  the  last  two  are  of  special  interest  because  of 
their  economic  promise.  By  far  the  best  outcrops  of  these 
are  in  thcL  north  blUff  of  the  river  just  opposite  the  mouth  of 
Little  Pembina  in  sections  33  and  34,  T.  163,  R.  57,  Cavalier 
Co.,  N.  D.  This  locality  has  many  other  advantageous  feat- 
ures that  scarcely  come  within  the  province  of  a  geologic 
paper,  such  as  feasability  of  railway  connections,  the  prox- 
imity to  a  local  wood  supply,  and  the  possibility  of  securing 
abundant  water  power  by  a  dam  across  the  river.  At  this 
point  glacial  and  pre-glacial  erosion  has  removed  the  upper 
beds  of  the  series,  as  outlined  above,  leaving  only  the  two 
lower  members,  i.  e.,  250  feet  of  clay  shales  and  100+  feet  of 
cement  marls  capped. directly  with  10  to  20  feet  of  drift. 

Cement  Marls, — Local  interest  following  the  impetus  of 
the  Tongue  river  development  centered  in  the  marls  at  first, 
and  these  beds  not  only  here  but  along  the  whole  escarpment 
and  river  have  been  repeatedly  tested  by  numerous  prospec- 
tors with  a  view  to  cement  manufacture.  There  are  zones 
in  these  marls  whose  lime  content  brings  them  within  the 
class  of  cement  rock.  A  long  series  of  rough  tests  in  the 
field,  made  by  the  writer,  with  crude  equipment,  for  the  pur- 
pose of  limiting  the  horizons,  gave  fairly  good  and  decisive 
results.  Samples  were  oven  dried  and  weighed  and  the  con- 
stituents soluble  in  cold  dilute  hydrochloric  acid  were  dis- 
solved out.  Then  the  residues  were  burned  and  weighed  as 
representing  approximately  the  sand  and  clay  content, 
while  the  difference  in  weight  was  taken  to  roughly  measure 
the  maximum  possible  Hme  content.  This  rapid  preliminary 
testing  proved  very  useful  and  served  finally  to  locate  shales 
of  a  quality  that  were  not  thought  to  exist  in  this  region. 
A  series  of  35  samples  of  the  marls  gave  a  range  of: 
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Insoluble  matter  (sand  and  clay)  25  per  cent  to  60  per  cent. 
Soluble  and  Volatile  matter  (mostly  calcium  carbonate)  40 
per  cent  to  75  per  cent. 

The  tests  proved  that  in  general  the  higher  beds  of 
marls  were  the  richer  in  lime  and  that  lower  horizons  rapidly 
decreased  in  this  constituent  to  almost  zero  where  the  typical 
beds  of  the  underlying  clay  shales  are  reached. 

Nearly  all  o^these  detailed  examinations  were  made  on 
the  Alayo  property  at  the  mouth  of  Little  Pembina  river. 
On  the  north  side  of  the  Pembina  river  at  this  point  the  river 
bluffs  arc  400  feet  high.  A  section  of  at  least  350  feet  of 
shales  arc  exposed.  A  yellowish  color  of  the  uppermost 
beds  as  they  occur  here  is  not  a  constant  character  of  the 
same  beds  throughout  the  whole  district.  This  color  is 
notable  only  where  the  immediate  covering  is  drift,  and 
therefore  porous,  or  along  much  exposed  bluffs.  In  recently 
exposed  beds  or  where  there  is  great  thickness  of  shale  cov- 
ering the  color  is  drab  or  greenish  gray  as  in  the  Little 
Pembina  and  Tongue  river  sections.  It  is  clearly  a  case  of 
bleaching  or  oxidation  of  the  iron  content  with  more  or  less 
leaching  wherever  water  percolation  is  active.  On  the  bench 
of  land  forming  the  iimer  margin  of  the  **first  mountain/' 
drift  lies  directly  upon  the  marl  beds  and  here  such  bleach- 
*  ing  has  j)cnctratecl  [5  to  20  feet.  Seams  where  circulation 
is  easiest  are  often  red  from  iron  stain  while  the  interiors  of 
larger  blocks  are  still  bluish. 

In  all  other  respects  samples  of  the  gray  cement  rock 
of  Tongue  river  are  (lu])licated  on  the  Pembina.  Tliev  are 
undoubtedly  the  same  beds  and  their  relationship  may  be 
seen  at  a  glance  in  the  accompanying  figure.         , 
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[KiK-  2.    Cross  section  of  the  Pembina  district  from  north  to  south  show- 
Ins:  the  correlation  of  beds  exposed  in  the  chief  river  flrorges.] 

So  far  as  ])reHminary  investigation  may  serve  as  indi- 
cation, one  would  be  expected  to  prove  as  valuable  as  the 
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other.     A  partial  analysis  for  comparative  purposes  on  two 
typical  samples  sent  from  these  localities  gave: 

Tongue     river  sample — ^Residue  27.9  per  cent;  CaCO»  55.13  per  cent. 
Pembina  river  sample —        "      29.4         "  "      53.20        " 

In  each  case  the  sample  is  not  the  maximum  limit  for 
lime  content.  Another  sample  of  the  Pembina  locality 
marls  gave: 

Insoluble  residue 14.00  per  cent. 

Iron  and  alumina 18 .  00  per  cent. 

Carbonate  of  lime 60 .  00  per  cent. 

Moisture 8.00  per  cent. 

Clay  Shales, — Below  the  cement  marls,  in  the  Pembina 
section,  He  a  thick  series  of  clay  shale  beds.  They  are  lam- 
inated more  prominently  than  the  marls,  and  are  very  plastic 
on  weathered  outcrops.  Their  chemical  constituents  lime  and 
iron,  varv  widely  in  different  beds.  This  is  the  lowest  forma- 
tion  exposed  anywhere  in  the  "Pembina  mountain'*  region. 
Most  of  the  rivers  have  not  eroded  deeply  enough  to  reach 
it. 

Partial  analysis  of  two  samples  of  these  shales  at  differ- 
ent horizons  gives  the  following  percentages : 

No.  0.  No.  4. 

Silica— SiO"   61.03  per  cent 61.52  per  cent. 

Alumina— APO^ 22.70  per  cent 18.65  per  cent. 

Iron — Fe'O*    6 .  53  per  cent 4.90  per  cent. 

Ume — CaO 97  per  cent 75  per  cent. 

Magnesia — MgO 51  per  cent 1 .  32  per  cent. 

Water— H'O 7.92  per  cent 8.80  per  cent. 


99.66   per  cent.  95.94  per  cent. 

In  the  above  all  the  iron  was  measured  as  Fe^O^,  al- 
though it  is  not  all  in  that  form,  the  column  for  water  also 
includes  other  easily  volatile  constituents,  and  no  effort  was 
made  to  measure  the  alkalies.  The  analysis  serve  however 
to  determine  the  general  range  of  composition. 

A  systematic  and  thorough  series  of  experimental  tests 
have  been  made  on  these  clay  shales  to  determine  their  value 
in  brick  and  tile  manufacture.  Most  of  them  have  been  car- 
ried out  bv  the  writer  on  a  laboratorv  scale  first  and  then, 
following  the  lines  tlius  indicated  for  a  particular  horizon 
or  bed,  the  appropriate  practical  test  was  made  by  taking  a 
suitable  quantity  to  an  operating  plant  willing  to  run  the 
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material.  This  last  method  of  proving  the  quality  was  fol- 
lowed in  person  by  Mr.  H.  A.  Mayo,  of  Walhalla,  who  was 
the  owner  of  the  most  advantageous  site  where  the  clays  arc 
exposed.  He  has  recently  established  a  plant  on  this 
ground. 

The  clays  prove  to  be  especially  suitable  for  the  manu- 
facture of  drain  tile,  hollow  block,  common  auger  machine 
brick  and  pressed  brick.  Of  pressed  brick  many  varieties 
have  been  made  by  using  different  beds  or  different  mixtures 
of  beds.  Normally  the  clays  burn  either  red  or  cream  col- 
ored depending  upon  the  lime  content  of  the  horizon,  and 
both  of  these  give  good  background  for  variation.  By  mix- 
ing the  two  in  granulated  condition,  as  received  from  the 
dry  pan,  a  most  attractive  natural  red  and  white  mottled 
effect  is  produced. 

The  usefulness  of  drain  tile  for  the  peculiar  valley  con- 
ditions is  just  beginning  to  prove  itself.  Trial  tests  of  farm 
drainage  with  tile  last  year  are  altogether  encouraging. 
Because  of  the  rigors  of  the  climate,  together  with  the  sub- 
stantial prosperity  of  the  country,  building  materials  of  the 
best  grade  are  always  in  demand. 

The  proximity  of  this  deposit  to  the  Red  river  valley 
where  brick  clays  of  good  quality  are  rare,  and  where  struc- 
tural materials  of  all  kinds  must  be  brought  from  the  out- 
side at  high  prices,  makes  it  of  great  economic  importance. 


PROF.    HULL'S    ''SUBOCEANIC    TERRACES    AND    RIVER    VAL- 
LEYS  OFF  THE  COAST  OF   EUROPE." 

(Reviewed  by  J.  W    Spencbb.) 

\\(t  are  indebted  to  Prof.  Edward  Hull  of  London  for 
his  extensive  investigations  of  the  river-like  valleys  and 
canyons  incising  the  continental  shelf  and  the  continental 
slope  on  the  eastern  side  of  the  Atlantic ;  thus  bringing  into 
prominence  the  submarine  physiographic  characters  which 
had  been  hitherto  largely  overlooked.  These  studies  ap- 
pear in  a  series,  under  suitable  titles*  which  if  assembled 

•  "Another  Possible  Cause  of  the  Glacial  Epoch,"  by  Prof.  Ed.  Hull. 
lAa,    D.    P.    R.    S.,      Victoria      Institute,     London,    1898,    pp.    80.     '*8ubmerved 
Terraces  and  River  Valleys  bordering  the   BriUsh    Isles."    lb,    voL    zzz« 
(1897;   pp.  306-324);   "Suboceanic  Terraces  and  River  Val)«y8  off  the  West 
em   Coast   of  Europe,"    Ih.     author's  copy  (1899)  pp.  20;^'    •    •    •    ott  the 
West  African   Continent   and   of  the  Mediterranean     Basin,"    Ik     <]|00). 
pp.  18;  "The  Physical  History  of  the  Norwcgrlan   Fjords"    lb.    (1901),   pp 
26.    "Suboceanic  Physical  Features  off  the  Coast  of  Western  Europe.  In 
eluding  France,  Spain  and  Portugal,"    Gear,  Jour.    (1889),  m>.  10.    Also  in 
Trapu.     Manchestet     Geological    Society,        pp.  318-tt8,  vol.  ZXTI,  U 
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would  make  a  large  brochure.  From  these,  we  learn  of  a 
vast  number  of  valleys  and  systems  of  valleys  indenting 
the  continental  shelf  and  forming  submarine  topographic 
features  resembling  those  produced  by  atmospheric  agents, 
such  as  are  found  on  the  American  side  of  the  Atlantic  and 
in  the  West  Indies.  The  shelf  has  been  more  or  less 
studied  since  the  time  of  Mf.  Goodwin-Austin  (i849).t 
But  Prof.  Hull's  valleys  throw  new  light  upon  their  forms 
and  sculpture,  and  indeed  upon  the  whole  question  of  great 
changes  of  level  of  land  and  sea. '  He  further  applies  these 
changes  to  one  of  the  many  consequences  thereof,  namely 
the  possible  cause  of  the  glacial  period.  As  Prof.  Hull's 
papers  are  not  easily  accessible  to  many  on  this  side  of  the 
Atlantic,  a  review  of  the  leading  features  appearing  in  one 
of  our  journals  will  extend  the  knowledge  of  what  has 
been  done  in  a  §ubject  embracing  one  of  the  most  wide- 
spread groups  of  physiographic  phenomena,  which  how- 
ever has  attracted  little  attention  in  this  country,  except 
that  of  two  or  three  of  us,  although  these  have  sown  seed 
which  is  bringing  fprth  a  rich  harvest  in  the  old  world. 

The  British  platform  extends  to  Iceland  and  Green- 
land, as  shown  by  previous  investigators.  "This  former 
connection  is  placed  beyond  doubt  by  the  character  of  the 
fauna  and  flora."*  Dr.  Alfred  Wallace  includes  Ice- 
land with  Europe  in  his  Palaearctic  region.  Prof.  New- 
ton has  shown  that  all  the  mammals  of  Iceland,  except 
three  Arctic  forms,  are  European.  Dr.  Walker's  studies  of 
the  botany  and  entomology  of  Iceland  also  witnesses  the 
late  connection  with  the -British  islands.  In  Greenland 
some  forms  are  European,  others  are  American  and  still 
^ome  are  Arctic.  If  a  biological  survey  suggests  the  ex- 
tension of  European  life  beyond  the  present  continent, 
which  implies  an  elevation  of  the  land,  then  such  should  be 
indicated  in  the  submarine  topographic  features  now  sub- 
merged, and  these  are  Prof.  Hull's  studies.  He  says  that 
the  charts  show  that  an  elevation  of  1320  feet  (except  in 
the  relatively  narrow  trench  2000  feet  deeper)  would  con- 
nect Iceland  with  Europe,  but  the  actual  altitude  may  have 

t  Q.  J.  G.  B.,  vol.  zxllp  p.  240. 
«  From    the   chapter   relating   to  the  British  olatform. 
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reached  6cxx)  feet.  The  edge  of  the  submerged  terrace 
(continental  shelf),  supporting  the  British  Isles,  is  gener- 
ally known  as  the  loo-fathom  line,  but  this  is  misleading 
as  the  features  vary  and  "only  by  a  close  observance  of 
the  change  of  depth,  as  indicated  by  the  soundings"t  can 
the  features  be  recognized.  In  front  of  the  platform  the 
grand  escarpment  or  continental  slope,  off  Britain,  descends 
steeply  7000-8000  feet,  in  some  cases  precipitously.  Off 
Scotland  the  margin  of  the  shelf  is  near  the  lOO-fathom 
line,  but  in  front  of  the  English  channel,  it  is  at  a  depth 
of  180-200  fathoms.  At  some  points  the  shelf  is  reduced 
to  a  breadth  beyond  the  islands  of  50-70  miles,  while  off 
Porcupine  bank  it  extends  for  180  sea  miles  beyond  the 
coast  of  Ireland,  and  forms  a  peculiar  peninsula,  effectively 
shown  on  his  ma]),  enclosing  an  embayment  receiving  the 
Shannon  channel  at  its  head.  It  is  shown  to  extend  to  a 
depth  of  over  9000  feet.  From  his  work  on  the  submarine 
topography,  it  would  be  appropriate  to  name  it  the  Hull 
cnihayment,  especially  as  he  has  done  much  more  to  eluci- 
date the  phenomena  than  any  one  preceding  him,  and  he  is 
an  Irishman,  too.  Also  the  still  more  remarkable  embay- 
ment, of  similar  depth,  is  shown  between  Ireland  and  Rock- 
all  altainint^  a  breadth  of  125  miles.  It  heads  in  an  am- 
])hiilicatrc  or  great  cove  in  the  Scotland-Faeroe  ridge, 
where  this  submarine  feature  is  crossed  by  the  Lightning 
clianiicl,  which  is  the  drowned  col  between  this  and  an- 
otlicr  dee])  channel  extending  down  the  slope  to  the  basin 
of  tlie   Norwegian   sea. 

Tlic  continental  shelf  is  almost  level,  having  been  cov- 
ered with  water-borne  sediments  or  earlier  glacial  deposits. 
'Hie  formation  of  the  continental  shelf  by  marine  action  on 
emergent  lands  of  such  plateaus  as  the  British  platform 
has  been  described  by  Prof.  James  Geikie*  .who  also 
noticed  "the  abrupt  descent  from  the  edge  of  the  plateau," 
but  he  does  not  appear  to  have  recognized  that  such  feat- 
ures must  have  had  a  terrestrial  origin,  as  the  surface  is 
scul])tured  with   river  channels. 

From  the  west  of  Ireland  Hull  traces  the  courses  of 


Mfan%.  Via.  lust.     Vol.    XXIV.     p.  2<)5. 
•  rtoc.  Roy.   Geog.    Soc  ,  1«*2.   p.   639,   p.   644. 
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the  Erne  (a  distance  of  about  80  land  miles)  and  the  Shan- 
non river  (for  100  miles)  to  the  amphitheatres  indenting 
the  edge  of  the  platform.     So  also  the  course  of  the  sinuous 
channel  from  the  Irish  sea  is  given  for  a  distance  of  300 
miles  before  it  falls  over  the  edge  of  the  shelf  into  its  can- 
yon.    It  is  a  relatively  shallow  feature  from  50  to  240  feet 
in  depth.     The  course  of  the  old  river  of  the  English  chan- 
nel is  more  interesting.     Prof.  Hull  shows  its  course  from 
near  the  straits  of  Dover  for  nearly  400  miles  to  "the  edge 
of  the  platform.     For  70  miles  of  its  course  it  has  been 
known  as  the  Hurd  deep/*  having  a  width  of  four  to  five 
miles,  and   greatest  depth  of  354  feet  below  the  general 
level  of  the  floor  of  the  sea   (further  submerged  by  216 
feet).     Below  the  deeper  section  the  channel  is  less  ap- 
parent, probably  owing  to  the    silting    up    by.  sediments. 
Hull  considers  that  the  Hurd  deep  portion  has  been  kept 
open  by  tidal  currents,  as  this  is  the  narrowest  section  of 
the  English  channel  north  of  cape  de  la  Hague.     It  is  cut 
down  into  solid  rock  and  is  bounded  by  precipitous  cliffs. 
There   are   tributaries   from   France   and   England.       The 
lower  portion  of  the  channel  is  again  open.     It  abruptly 
merges  in  a  canyon,  with  walls  of  rock  4,000  feet  in  hight, 
cut  into  the  great  continental  declivity  and  shelf  on  which 
it  is  submerged  to  the  depth  of  100  fathoms.     An  adjacent 
and  larger  embayment  to  the  east  may  have  been  the  former 
course  of  the  channel.     After  passing  the  edge  of  the  shelf 
Prof.  Hull  has  used  only  isobaths  of  250  fathoms.     Had  he 
put  them  at  250  feet  apart  more  detail  would  have  been 
obtained.     The  British  rivers  are  often  flowing  over  refilled 
channels,  reaching  much  below  sea  level.     Prof.  Hull  con- 
sidered the  British  platform  to  have  been  planed  down  by 
wave  action,   and   subsequently  depressed.     He   compares 
the  features  with  the  "drowned  plains,'*  escarpments  and 
river  valleys  lying  outside  of  the  North  American  coast. 
He  points  out  the  absence  of  the  lower  terrace  such  as  that 
of  the  Blake  plateau  of  the  American  coast.     Prof.  Hull  at- 
tributes the  fashioning  of  ''the  escarpments  as  mainly  due 
to  wave  action  undermining  the     cliff     during  prolonged 
pauses  in  the  process  of  elevation  or  subsequent  depres- 
sion."    The  age  of  the  platform  is  assigned  to  the  Mio- 
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pliocene  period,  which  was  one  of  great  terrestrial  changes 
of  land  and  sea  over  Europe.  The  fashioning  of  the  conti- 
nental declivity  or  slope,  with  its  channels  belongs  to  the 
Pleistocene  period. 

While  a  change  of  level  raising  the  sea  bottom  9000 
feet  and  sinking  it  again  may  cause  some  hesitation  in  our 
minds,  yet  the  marine  Tertiary  beds  occur  to  10,000  feet  in 
the  Alps,  which  have  received  their  features  in  post- 
Miocene  times,  according  to  Heins,  Renevier,  Baltzer,  Carl 
Schmidt,  and  H.  Schardt.  The  sea  level  may  have  been 
considerably  low^ered  by  the  accumulation  of  ice  in  the 
Glacial  period,  or  again  the  beds  of  the  great  oceans  may 
have  been  depressed,  as  suggested  by  Prof.  Suess.*  Also 
there  may  have  been  other  ways,  more  or  less  speculative 
altering  the  level  of  the  sea  as  described  by  Prof.  James 
Geikie.  In  conclusion,  Hull  finds  the  continental  slope  to 
great  depths  "charcterized  by  physical  features  similar  to 
those  we  observe  on  the  land  and  due  largely  to  similar 
causes,  namely,  marine  and  atmospheric  erosion."  Of 
Prof.  Hull's  ])aper  Prof.  Ethridge  says:  "Prof.  Hull's  in- 
terpretation that  the  submerged  and  now  submarine  valleys 
were  originally  formed  or  fashioned  through  atmospheric 
denudation  in  the  widest  sense,  prior  to  their  submergence 
is  fully  demonstrated."  '*No  one  has  hitherto  applied  these 
ocean  soundings  for  the  purpose  of  elucidating  the  past 
physical  history  of  the  old  and  new  submerged  land  once 
extondint^  far  to  the  west  or  into  the  now  depths  of  the  At- 
lantic." Prof.  T.  Rupert  Jones  endorses  the  author  and 
says:  "Dr.  E.  Hull,  applying  the  methods  adopted  by  Dr. 
Spencer  and  other  American  observers,  is  led  by  careful 
consideration  of  the  Admiralty  charts,  and  with  accurate 
reasoning  on  the  relative  depths  of  the  water,  to  map  out 
the  margins  of  the  British  area  before  it  became  divided  up 
into  the  existing  islands.  The.  conclusions  add  much  to 
our  knowledge  of  geographical  evolution,  as  brought  about 
i)v  natural  causes  during  immense  periods  of  time."  The 
! 00- fathom  line  had  been  the  chief  datum  of  former  work- 
ers. *'The  distribution  of  animals  and  plants  supports  the 
conclusions  arrived  at  by  Prof.  Hull"  that  the  recent  high 

*  T^c.  cit.»  p. 
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elevation  of  the  land  to  a  great  degree  caused  the  Glacial 
period. 

A  sequel  to  this  paper  on  submarine  valleys  adjacent 
to  the  British  Isles  is  one  continuing  the  investigations  to 
the  strait  of  Gibralter. 

It  appears  that  Mr.  Goodwin-Austin  in  1849,*  showed 
how  the  British  platform  is  covered  with  shingle  contain- 
ing littoral  shells,  sometimes  unbroken,  at  depths  of  80-ioa 
fathoms,  as  at  Little  Sole  and  Nymph  banks,  (Lat.  49° 
Long.  10°  E.),  and  that  the  platform  was  terminated  in  a 
steep  declivity.  Goodwin-Austin  concluded  that  these 
shell  beds  formed  successive  margins  of  the  Atlantic  before 
the  present  submergence.  In  1853,  Sir  H.  T.  de  la  Bechet 
illustrated  the  late  expanse  of  the  land  to  the  loo-fathom 
line,  and  observed  that  its  width  would  not  be  much  in- 
creased if  extended  to  the  200-fathom  line.  He  attributed 
the  shelf  to  wave  action  and  the  distributing  power  of  the 
tide.  These  early  studied  features  have  since  been  recog- 
nized bv  several  writers,  but  none  of  them  have  indicated 
the  real  physical  base  of  declivity,  nor  the  river  channels 
reaching  down  to  it.  Prof.  Hull  says  that  "The  existence 
of  such  features  *  *  *  demands  the  admission  of  stu» 
pendous  changes  *  *  *  as  regards  elevation  and  de- 
pression, such  as  naturalists  might  well  hesitate  to  accept 
unless  demonstrated  by  evidence  of  the  most  convincing 
kind.  And,  for  mvself,  I  fullv  admit  that  had  it  not  been 
for  the  clear  demonstration  of  several  American  geologists, 
but  especially  by  that  of  Prof.  Spencer,  that  the  bed  of  the 
ocean  along  its  western  margin  has  been  worn  into  terraces 
traversed  by  old  river  channels,  down  to  depths  of  several 
thousand  feet  below  the  present  level,  it  would  probably 
not  have  occurred  to  me  to  ascertain  whether  these  physical 
features  characterize  the  bed  of  the  ocean  along  its  eastern 
margin." 

The  continental  platform  oflf  from  France  to  Portugal 
is  indicated  on  Dr.  Stieler's  Hand  Atlas,t  but  there  are  no 
indications     that     it     is     trenched     by     river-like     chan- 

•  -The  Valleys  of  the  English  Channel"    Q.  J.   G.  S.,  vol.  vi.   (1849). 
t    Geological     Observer^       2nd    Ed.,    pp.   91-92. 
t  Pub.  by  Justus  Perthes,  Ootha,  1S7S. 
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nels.  Xor  are  such  found  on  the  small-scaled  charts  of  the 
Challenger.  The  recent  suboceanic  map  by  Mr.  Huddle- 
ston  shows  the  platform  but  not  the  river  valleys.. 

The  Hritish  platform  continues  onward  and  in  front 
of  Brest  it  is  130  miles  wide.  In  the  bay  of  Biscay  it 
diminishes  to  100  miles;  but  on  the  north  coast  of  Spain,  it 
is  reduced  to  20-30  miles  in  width.  West  of  Portugal  its 
breadth  is  generally  from  30  to  40  miles.  It  increases 
southward  till  off  cape  St.  V^incent  it  widens  out  into  a 
succession  of  terraces.  Along  this  coast  the  margin  nearly 
coincided  with  the  200-fathom  line. 

From  the  English  channel  to  Gibralter,  the  floor  of  the 
platform  is  covered  with  gravel,  sand,  clay  and  occasional 
boulders  with  occasional  mollusk  remains,  while  the  oceanic 
floor  is  a  calcareous  marl.  From  Rockall  for  a  distance 
of  2,000  miles  along  the  coast  line  the  g  reat  declivity  (con- 
tinental slope)  is  intersected  with  channels  which  cross 
the  continental  ])latform  from  the  great  terrestrial  rivers. 
Such  a  slope  has  its  counterpart  in  the  borders  of  the  raised 
plateau  of  .\lexico  (citing  the  reviewer).  The  gradient  of 
the  declivity  varies  from  four,  to  twenty-one  degrees  or  in 
one  case  thirty-six  degrees.  These  are  the  mean  results 
for  each  section,  yet  in  many  cases  the  actual  slope  is  made 
up  of  ])recii)itous  cliffs  and  gentler  gradients.  But  fuller 
soundings  are  much  to  be  desired  to  complete  the  detail. 

Among  the  channels  deeply  trenching  the  continental 
])lalf()rm  Prof.  Hull  describes  those  of  the  Loire  (which 
lakes  the  form  of  a  double  canyon,  and  is  traceable  to  a 
depth  of  ().o:)0  feet);  the  (iironde  and  the  Adour.  This 
last  is  the  greatest  of  them.'''  At  six  miles  from  the  shore 
it  j)asses  into  the  Fosse  de  Cap  Breton  incising  the  platform 
to  a  (lei)th  of  702  feet,  where  it  is  covered  by  348  feet  of 
water.  At  15  miles  it  receives  a  tributary  channel  from 
the  south.  It  rai)idly  deepens  into  a  canyon  with  walls 
4,000  to  6,(xx)  feet  high,  and  ultimately  opens  to  the  floor  of 
the  ocean  at  0,000  feet.  It  bifurcates  and  encloses  a  tract  of 
shallower  ground.  It  was  cc^nsidered  by  Alphonse  Milne- 
Ivhvards  as  the  ancient  bed  of  the  Adour.     South  of  it  the 


•  Kxplonul   by    the   TravaiUeur    ExpeUUon    in    1880.     Bm/l.      Gear-    &f.. 
Paris,   vol.    Hi,   p.   U3,   1H82. 
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Spanish  shelf  is  reduced  to  six  to  twenty  miles  in  width, 
but  it  is  indented  by  several  short  ravines  or  deep  bays. 
Other  amphitheatres  indenting  the  Biscay  shelf  are  noticed. 
The  canyons  are  repeated  off  Spain  and  Portugal.  The 
Caneia  (opposite  to  cape  Penas)  in  a  distance  of  twenty 
miles  descends  to  8,280  feet  and  bends  in  the  middle  of  its 
course.  The  Lima  dessects  the  platform  to  a  depth  of 
5,622  feet,  where  it  is  already  submerged  another  1,200  feet. 
The  channel  of  the  Douro  incises  the  platform  to  within  14 
miles  of  Oporto.  Off  Mondego  and  off  cape  Carvoeiro  are 
canyons  5,000  feet  or  more  in  depth  cutting  back  into  the 
continental  platform.  The  Grand  canyon  of  the  Tagus 
is  especially  well  developed,  with  its  apex  five  to  six  miles 
from  cape  Razon.  At  35  miles  from  the  apex  is  a  branch 
round  an  isolated  rock  or  sea  stack  which  rises  to  within 
396  feet  of  the  surface.  Here  and  adjacent  portions  of  the 
declivity  suggest  a  lower  platform  corresponding  to  the 
submergence  of  the  Blake  plateau  in  a  general  way  (re- 
viewer). The  sea  stack  is  only  an  isolated  fragment  of 
the  platforms.  Of  several  of  the  canyons  Prof.  Hull  gives 
sections  sustaining  his  conclusions,  which  may  be  cited  in 
his  own  language. 

"W^ere  there  no  other  suboceanic  channels  than  that  of  the 
Adour.  it  would  of  itself  be  sufficient  to  demonstrate  its  own  fluvi- 
atile  origin  and  that  of  all  others  here  described.  For  what  are  the 
characteristics  of  a  river-valley  draining  a  plateau  and  adjoining 
regions?  They  are  first,  a  continuous  deepening  of  the  bed  of  the 
channel  in  the  direction  of  the  outlet;  second,  continuous  widening 
of  the  channel  in  the  same  direction;  third,  a  widening  course; 
fourth,  lateral  tributaries.  All  these  characterize  the  suboceanic 
channel  of  the  Adour.  On  the  other  hand  they  are  not  characteris- 
tic of  seismic  fissures,  or  of  fissures  formed  by  faults  or  any  other 
processes  with  which  we  are  acquainted  on  the  land  surface.  We 
are  familiar  with  valleys  with  similar  characteristics,  but  waterless, 
entering  the  great  valley  of  the  Nile  or  the  shores  of  the  Red  sea, 
or  traversing  the  region  of  Arabia  Petraea  and  southern  Palestine, 
where  rainfall  is  either  absent  or  only  intermittent;  but  we  do  not 
hesitate  to  recognize  in  them  the  channels  of  former  streams  and 
rivers,  though  they  are  now  dry.  No  other  theory  than  that  here 
advanced  will,  I  venture  to  hold,  serve  to  explain  their  origin  and 
presence  under  the  waters  of  the  ocean." 

In  this  paper  Hull  reviews  the  question  of  the  date  of 
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the  late  elevation,  etc.,  somewhat  more  fully  than  in  the 
former  one,  and  one  point  may  be  added;  namely,  his  cita- 
tion of  Prof.  Edward  Forbes,  showing  that  the  flora  of  the 
south  and  west  of  Ireland  gives  evidence  of  former  con- 
nection with  Spain. 

Another  paper  deals  with  the  more  scanty  evidence 
off  the  west  coast  of  Africa  and  in  the  Mediterranean.  Be- 
yond the  strait  of  Gibralter,  the  continental  platform  loses 
much  of  its  importance,  or  sometimes  disappears  and  passes 
into  a  more  gradual  slope  to  1,200  fathoms.  "This  slope  in 
all  probability  consists  of  a  succession  of  minor  terraces 
breaking  off  in  cliffs."  But  to  determine  this  requires  more 
soundings.  Opposite  the  strait  and  between  Morocco  and 
the  Canary  islands,  there  is  a  broad  terrace  of  50-60  miles 
between  600  and  1,000  fathoms.  It  may  represent  a  shelf 
indicating  a  long  pause  in  the  process  of  elevation  or  de- 
pression of  the  crust  of  the  earth.  It  is  illustrated  in  a  sec- 
tion.  At  other  points  the  declivity  is  steep  as  off  Europe, 
with  the  base  of  the  slope  at  2,000  fathoms  or  more.  Prof. 
Hull  describes  to  a  further  extent  the  canyon  of  the  Congo, 
so  svstcniaticallv  worked  out  bv  Buchanan  as  to  leave  no 
doubt  of  its  river-like  form.  But  this  has  alreadv  been 
mentioned  in  America  by  Mr.  Upham  and  the  reviewer. 
Hull  traces  it  to  a  depth  of  7,200  feet,  in  a  distance  of  122" 
miles.  Another  submarine  vallev  off  the  coast  of  Guinea 
(here  the  slielf  is  40-50  miles  wide),  also  described  by  Buch- 
anan, is  called  the  "P)ottomless  pit,"  of  like  character  with 
that  (A  the  Congo,  surveyed  because  of  the  breaking  of 
cables  in  crossing  it.  There  is  not  sufficient  information  to 
work  out  canyons  for  the  Niger  and  Orange  rivers,  but  they 
should  be  expected.  Here  the  slope  of  the  great  declivity 
is  very  stee]).  About  this  time,  Mr.  Henry  Benest  pub- 
lished his  replica  of  the  Congo  valley,  worked  out  in  fine  de- 
tail off  Cape  \'erde  islands  from  special  cable  surveys, 
where  the  soundings  were  taken  close  together  for  the  pur- 
pose of  discovering  the  valley. 

Referring  to  the  Mediterranean,  Prof.  Hull  says  that 
while  a  late  relative  elevation  of  the  land  and  sea  occurred 
to  the  extent  of  7,000  or  8,000  feet,  it  must  harve  influenced 
the  bordering  countries    and     the     Mediterranean,  but  he ' 
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would  not  expect  the  features  to  be  so  well  defined  in  the 
confined  basin  as  in  the  Atlantic,  especially  the  declivity 
descending  from  the  platform.  Along  the  gulf  of  Valentia 
the  continental  platform  is  unusually  broad  reaching  sixty 
miles  in  width,  where  it  breaks  off  suddenly  at  about  a  hun- 
dred fathoms.  Indenting  the  shelf  and  declivity  from  240 
feet  to  a  depth  of  6,000  feet,  a  valley  is  traceable  opposite 
the  mouth  of  the  Ebro.  But  the  soundings  are  not  suf- 
ficient for  showing  the  detail.  In  front  of  the  mouth  of  the 
Rhine,  where  the  shelf  varies  from  25  to  50  miles,  and  lim- 
ited by  about  the  lOO-fathom  line,  the  isobaths  of  the  de- 
clivity show  the  course  of  the  valley  to  a  depth  of  7,200  feet. 

But  the  most  important  discoveries  of  such  valleys 
were  made  in  the  gulf  of  Genoa  by  Prof.  Arturo  Issel  of  the 
University  of  Genoa.*  The  continental  platform  has  a 
breadth  of  seven  miles  and  is  defined  at  a  depth  of  660  feet, 
where  the  edge  is  indented  with  many  sinuosities.  These 
notches  of  submarine  valleys  are  also  shown  at  depths  of 
500  and  1,000  metres.  This  last  depth  is  reached  at  from  8 
to  14  miles  from  the  coast.  Prof.  Issel  has  worked  out  the 
channels  as  the  submarine  continuations  of  seven  rivers  to 
a  depth  of  900  metres,  or  about  3,000  feet,  and  concludes 
therefrom  that  a  lat^  elevation  to  that  amount  obtained. 
The  land  portion  of  some  of  these  valleys  has  been  exca- 
vated out  of  the  Eocene  formations,  or  in  some  cases  out  of 
the  Pliocene,  Miocene  and  the  Eocene,  all  three,  showing 
their  age  to  be  Pleistocene.  But  doubtless  the  maximum 
depth  of  the  valleys  had  not  been  reached.  Here  is  addi- 
tional confirmation  of  the  age  of  the  late  elevation  of  west- 
ern Europe,  arrived  at  in  a  most  satisfactory  manner.  The 
erosion  of  those  wide,  deep  valleys,  excavated  since  the  Pli- 
ocene, involves  a  lapse  of  time  of  long  duration  much 
greater  than  has  been  granted  by  many  of  us  for  the  Pleis- 
tocene period. 

Cavaliere  Jervis,  of  Turin,  calls  attention  to  Pliocene 
clays  occurring  at  an  altitude  of  1,640  feet  at  Pianfei  (Cu- 
neo).  Such  commonly  skirt  the  Apennines  froVn  one  end 
to  the  other,  and  are  overlaid  to  a  considerable  elevation 
with  Pleistocene  clays  and  sands.     But  in  Sicily  the  Plio- 

•  Compiis  Rendus  des  Sciences.     Nos.  24th  and  Slat,  Jan.  1S87. 
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cene  strata  occur  to  nearly  3,200  feet.  This  shows  great 
difference  in  changes  of  level  compared  with  that  of  the 
Atlantic  margin  which  was  one  of  elevation  during  the 
Pliocene  times. 

Prof.  Ethridge,  Prof.  Rupert  Jones,  Mr.  Benest  and 
others,  who  had  given  more  or  less  consideration  to  the 
subject  treated  of  by  Prof.  Hull  have  expressed  conclusions 
supporting  him.  Sir  Archibald  Geikie  said  that  while  there 
might  be  dissentient  opinions,  Prof.  Hull's  methods  were 
the  sound  ones.  He  considered  that  the  processes  of  ero- 
sion shown  by  Hull  went  back  to  Tertiary  times,  otherwise 
giving  a  preliminary  acceptance  of  Hull's  views.  Mr.  W. 
H.  Huddleston  says :  ''what  evidence  is  there  that  any  por- 
tion of  this  part  of  Europe  was  raised  6,000  feet^-during 
a  period  so  recent  as  the  Pliocene?"  as  if  the  valleys  them- 
selves were  not  evidence,  and  in  a  paper  which  he  pub- 
lished with  a  fine  bathymetrical  map  he  leaves  out  just 
those  lit  tie  unim port  out  //ihi\:s — the  channels — which  are 
the  fundamental  feature  of  Prof.  Hull's  work.  But  Hull 
further  replies,  referring  to  the  community  of  origin  of  the 
fauna  and  tiora  of  Iceland  and  Scotland  (representing  a 
niininunn  elevation  of  3,300  feet),  also  to  the  floral  con- 
nection ct  Ireland  with  Spain,  the  tete  glacial  conditions 
of  I  he  Atlas  mountains  and  their  greater  extent  in  Europe, 
the  late  connccti(^n  of  Africa  with  Sicilv  and  Italv,  and 
tlie  migration  of  animals  by  this  bridge. 

As  recognized  by  several  of  his  confreres,  Prof.  Hull 
has  opened  uj)  a  new  science  in  Europe.  Scattered  data 
liad  been  accumulating,  but  it  was  not  a  science.  Most  of 
his  critics  want  longer  time  allowance,  preferring  to  extend 
the  features  over  more  ])erio(ls  rather  than  allowing  more 
time  to  the  recent  geological  epochs,  but  this  difficulty  will 
right  itself.  I'he  lower  parts  of  the  submarine  channels 
may  belong  to  earlier  Tertiary  times,  if  so,  they  were  re- 
opened about  the  beginning  of  the  early  Pleistocene  period. 
But  some  have  not  learned  the  grammar  of  the  science, 
consequently  their  translation  can  scarcely  be  accepted  with 
authority  as  it  does  not  show  the  real  difficulties.  The 
great  difficulty  in  accepting  these  submarine  valleys  as  of 
atmospheric  origin  lies  in  the  fact  that  they  are  world  wide 
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and  would  imply  tremendous  changes  all  over  the  earth 
since  middle  Tertiary  times.  These  changes  in  the  moun- 
tains have  been  more  or  less  studied,  but  their  counterparts 
beneath  the  sea  are  less  accessible  and  have  hitherto  been 
largely  passed  over.  Now  they  have  their  innings,  and 
Prof.  Hull  has  been  a  creator  of  a  new  chapter  of  earth's 
science.  Hull  it  was  who  specially  surveyed  the  Jordan- 
Arabah  valley,  which  is  the  continuation  of  Prof.  J.  W. 
Gregory's  "great  rift  valley."  This  circumstance  specially 
fitted  him  for  judgment  on  the  submarine  valleys,  although 
the  evidence  was  less  complete  than  he  would  wish  for. 
Yet  in  the  face  of  Prof.  Hull's  evidence  Prof.  Gregory  made 
the  following  criticism: 

"Prof.  Hull's  theory  has  the  attractiveness  of  simplicity,  but 
it  involves  the  very  improbable  assumption  of  a  9000  feet  elevation 
of  the  coast,  whereas  there  is  no  proof  of  such  elevation  on  the 
adjoining  shores.  This  improbability  renders  necessary  a  careful 
consideration  of  the  alternative  theories  of  the  formation  of  these 
submerged  canyons.  There  is  no  doubt  that  some  of  these  chan- 
nels are  submerged  river  channels,  but  in  many  cases  the  explan- 
ation is  doubtful.  Thus  Marcel  Bertrand  has  explained  the  'Hurd 
deep'  as  a  line  of  subsidence  by  folding,  and  that  suggestion  must 
be  refuted  before  we  can  accept  the  Hurd  deep  as  a  river  channel. 
Another  theory  explains  these  channels  as  canyons  of  deposition 
instead  of  canyons  of  erosion.  For  instance  there  is  the  canyon 
off  the  mouth  of  the  Congo,  which  Buchanan  attributes  to  materials 
brought  down  by  the  river  being  deposited  on  either  side  of  the 
mouth.  In  some  cases  these  canyons  occur  where  it  is  quite  im- 
possible that  they  could  have  been  formed  by  subsidence;  e.  g.  at 
the  eastern  end  of  lake  Oeneva,  where  the  Rhine  flows  into  the 
lake,  there  is  a  canyon  which  cannot  have  been  formed  by  erosion. 
Are  Prof.  Hull's  canyons  genuine  canyons,  or  are  they  to  be  ex- 
plained by  other  theories?  In  the  case  of  the  *Hurd  deep',  there  is 
the  evidence  that  it  is  a  probable  line  of  warping.  In  regard  to  the 
Irish  channel  river  th^re  is  no  single  depression  such  as  Prof. 
Hull's  diagrams  suggest,  but  a  series  of  elongated  banks  formed 
by  the  action  of  currents  ♦  ♦  ♦  The  paper  would  have  been 
more  convincing  had  it  given  a  monographic  treatment  of  one  or 
two  cases,  instead  of  a  general  survey  of  a  wide  field.  The  exist- 
ence of  some  submerged  river  channels  is  probable,  but  as  there  are 
alternative  theories  explaining  the  facts,  every  case  has  to  be 
judged  on  its  own  merits." 

To  this,  Prof  Hull  replies  that  "questions  of  probabil- 
ity or  otherwise  in  natural  science  subjects  are  matters 
which  I  (Hull)  cannot  possibly  recognize."  The  alterna- 
tive theory  of  the  Congo  based  on  the  building  up  of  the 
continental  shelf  and  slope  to  a  hight  of  6,000-7,000  feet 
with  the  channel  qf  the  river,  doing  this  work  kept  open  is 
simply  an  impossibility,  for  the  power  of  the  current  soon 
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ceases,  as  shown  by  the  obstruction  at  the  mouth  of  the 
river  itself,  and  the  tendency  of  the  marine  currents  is  to 
fill  the  hollows.  Here  the  reviewer  would  add  a  few  words, 
as  he  has  been  anxious  to  discover  the  evidence  of  any 
other  explanation  for  the  phenomena  of  the  submarine  val- 
leys than  that  they  were  of  atmospheric  origin ;  for  one  one 
knows  better  than  Prof.  Hull  himself  the  startling  conse- 
quences of  such  conclusions.  As  Dr.  Gregory's  "destruc- 
tive criticism"  embraces  the  most  comprehensive  detail, 
they  may  be  examined.  When  Dr.  Gregory  tells  us  that 
Prof.  Hull's  theory,  which  is  an  induction  from  ascertained 
phenomena,  is  based  on  an  '^improbable  assumption":  that 
a  channel  carrying  down  mud  may  remain  open,  while  a 
continental  shelf  of  7,000  feet  or  more  in  hight  is  being 
constructed,  is  a  valid  alternative  theory;  that  the  "Hurd 
deep,"  with  precipitous  bluffs,  lies  in  the  line  of  warping, 
without  offering  evidence  of  fact;  that  the  Rhone  canyon, 
in  a  small  mountain  lake  is  a  parallel  case  to  canyons  in  the 
continental  shelf  (and  even  the  critic's  assumption  that 
such  is  not  a  true  canyon  is  very  much  within  the  range  of 
non-acceptance)  that  the  Irish  sea  channel  does  not  exist 
(fferc  Prof.  Hull  has  not  told  the  whole  story,  but  the  re- 
viewer has  verified  the  deepening  channel  from  St.  David's 
head  to  the  edge  of  the  continental  shelf  though  possibly 
obstructed  in  the  vicinity  of  52-fathoms,  it  finally  incises 
the  slojK'  10  a  de^)th  of  6,810  feet,  where  its  surface  is  sub- 
merged only  588  feet  on  one  side  and  3,000  feet  on  the 
other,  and  beyond  to  8,400  feet)  we  are  led  to  conclude  that 
Dr.  (iregory  and  others  have  found  no  satisfactory  alterna- 
tive hypotheses,  for  lack  of  which  is  offered  the  above  "de- 
structive criticism."  !)ut  this  utterly  failing  greatly  strength- 
ens Prof.  Hull's  position.  The  clear  analyses,  though  in- 
complete, of  the  valleys  of  the  Adour  and  Congo  are  of  the 
nature  of  monographs  asked  for.  Even  with  these  two 
absolutely  complete,  they  could  not  have  satisfied  the 
hy])othesis  concerning  the  continental  changes  without  the 
great  amc^unt  of  cumulative  evidence  which  the  author  has 
assembled  and  skillfully  woven  into  a  chapter,  the  weak- 
ness of  which  does  not  lie  in  such  objections  just  men- 
tioned, but  in  not  considering  Dr.  Gregory's  position  that 
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**the  plan  of  the  earth  may  be  attributed  to  the  continual 
foundering  of  the  earth's  external  shell,"  a  place  for  which 
may  be  found  later,  but  is  not  necessary  at  least  at  this 
time. 

Whatever  the  explanations  of  the  great  land  valleys 
extending  across  the  continental  shelf  and  down  the  con- 
tinental slope,  to  Prof.  Hull  is  due  the  honor  of  assembling 
these  great  phenpmena  together,  and  showing  that  in  a 
general  way  they  belong  to  the  same  cause,  and  so  far  as 
has  been  ascertained  have  been  fashioned  by  atmospheric 
and  river  erosion.  The  reviewer  regards  the  difficulty  of 
such  acceptance  as  not  in  their  form  but  in  the  conse- 
quences of  such  phenomena,  for  they  are  universal.  Their 
development  requires  more  time  than  is  popularly  assigned 
to  the  late  geological  periods.  This  impression  will  have 
to  give  way  to  the  evidence,  if  not  sustained.  Doubtless 
adjustments  will  be  obtained  on  this  point.  We  do  not 
know  the  causes  of  changes  of  level,  nor  do  we  need  to 
wait  till  then  to  accept  the  facts.  Were  the  phenomena 
alternating?  The  continental  shelves  seem  to  challenge 
such  assumption ;  if  sychronous  then  an  incomprehendible 
change  of  hydrosphere  or  lithosphere,  or  both,  or  a  de- 
pression of  the  ocean's  bed — even  the  enormous  changes 
of  level  of  the  Asiatic  plateaus  in  recent  times  we  accept 
without  understanding  them.  The  facts  of  the  submarine 
valleys  are  now  too  well  established  to  set  aside  because 
we  do  not  know  more  about  them.  Thev  form  a  new 
chapter  carrying  us  further  in  the  unknown  history  of  the 
surface  features  of  the  earth.  We  are  particularly  fortu- 
nate in  having  this  work  done  by  the  author  of  the  "Geolo- 
gical Survey  of  Western  Palestine,"*  who  as  already  men- 
tioned, has  studied  the  remarkable  Jordan-Arabah  valley. 

Returning  now  to  Prdf.  Hull's  contributions  we  find 
"The  Physical  History  of  the  Norwegian  Fjords. "+  The 
fjords  are  described.  But  we  shall  pass  on.  As  to  their 
origin  "the  fjords  are  primarily  the  outcome  of  rain  and 
river  erosion,  continued  through   long  ages  of  geological 


•  with  Special  Reference  to  the  Mode  of  Formation  of  the  Jordan- 
Arabah  Depression  and  the  Dead  Sea."  Pub.  by  the  Palestine  ExpU>r. 
Fund,   London.  1889. 

t  Loc.   cit. 
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histor\  •  modified  somewhat  by  glacial  action  in  later  times, 
and  to  a  less  degree  by  changes  in  the  relations  of  land  and 
sea;  in  a  word  they  are  simply  partially  submerged  river- 
valleys/'     "According  to  the  Scandinavian,  geologists,  the 
cause  of  the  rapid  shallowing  of  the  great  sea-lochs,  on  ap- 
proaching their  outlet  in  the  North  sea,  is  the  piling  up  of 
enormous  masses  of  morainic   matter  by  former   glaciers 
which  descende'd  these  valleys."     Hull  considers  that  the 
channels  do  exist  beneath  the  various  sediments  while  the 
sea  floor  has  been  generally  leveled  over  by  tidal  and  other 
currents.     While  the  Sognefjord  reaches     to     a     depth  of 
nearly  4,000  feet,  from  the  character     of     the  continental 
slope  Prof.  Hull  concludes  that  the  late  elevation  was  at 
least  6,000-7,000  feet.     He  cites  Prof.  Brogger  as  authority 
for  the  conclusion  that  the  late  elevation  reached  at  least 
8.528  feet  (luring  the  epoch  of  the  greatest  ice  sheet;  this 
conclusion  being  derived  from  the  occurrence  of  a  bed  of 
littoral  shells  at  a  depth  of  2,600  metres.t     Prof.  Hull  calls 
attention  to  the  marine  terraces  of  Trondhjem  and  Chris- 
tiania  fjord  to  the  hight  of  about  615  feet,  while  between 
these  ])()ints  nearer  the  coast  the  terraces  are  much  lower. 
Those  show  later  changes  of  level. 

Pn^f.  Hull's  first  ])aper  was  suggested  by  the  evidence  of 
^roat  chanjL^cs  of  level  shown  by  Warren  Upham  and  the 
reviewer  !)efore  he  had  made  his  own  classic  researches. 
The  subject  was  "Another  Possible  Cause  of  the  Glacial 
I\l)()ch/"^  wliicli  lie  attributed  primarily  to  the  great 
chanj^a-s  of  level,  afterwards  shown  in  his  own  contribu- 
ti«)ns,  tlie  land  havinj^  attained  to  the  great  elevation  of  at 
least  /.cwx)  or  8,000  feet  in  the  early  Glacial  period,  although 
there  was  subsecjuently  an  interglacial  or  post-glacial  sub- 
nierj^aMice  of  i,2(ki  feet  in  Britain.  These  contributions  are 
new  facts  treated  in  a  philosophical  manner,  and  could  now 
perhaps  be  put  in  a  monographic  form.  They  must  be  a 
foundation  for  all  subsequent  research  in  terrestrial  move- 
ments and  the  consec|uences  thereof.  They  also  prove  that 
a  man's  greatest  work  is  not  confined  to  his  earlier  years; 
and  in  spite  of  all  he  has  done,  the  author  considers  this 


t  Norges   geologiske  underseirolse,  No.  81«  p.  688. 
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his  best  work,  which  has  been  fully  recognized  in  a  recent 

great  monograph  by  Dr.  Nansen. 

NOTE. — Reference  was  made  on  page  . .  to  Prof.  Broegger's 
citation  of  the  occurrence  of  shallow  water  found  at  great  depths. 
The  dredgings  were  made  at  several  localities  near  Spitzbergen  and 
between  Iceland  and  Jan  Mayon.  In  the  former  region  a  consider- 
able number  of  Arctic  shells  were  obtained  at  656  and  at  1333 
fathoms;  and  in  the  latter  at  495,  729,  957,  1009,  and  1309  fathoms. 
Dr.  F.  Nansen's  conclusions  that  they  have  been  transported  by  ice 
in  recent  time  is  extremely  improbable,  and  this  being  the  case 
Prof.  Brogger  says,  "no  other  explanation  is  left  than  the  supposi- 
tion of  the  former  uplift  of  the  sea  bottom"  to  about  8400  feet.  (loc. 
cited). 


ON  THE  ORIGIN  OF  THE  CAVES  OF  THE  ISLAND  OF  PUT-IN- 
BAY,  LAKE   ER1E.« 

By  Edward  H    Kraus.  Aon  Arbor,  Mich. 

The  island  of  Put-In-Bay,  Ohio,  in  the  southwestern 
portion  of  lake  Erie,  has  for  some  time  past  been  noted  for 
its  interesting  caves.  There  are  four,  which  are  now  open 
to  the  public.  They  are  Danssa's,  Kindts,  Perry's,  and 
the  "Crystal"  or  "strontian"  caves.  The  first  two  are  in- 
teresting  because  of  their  stalactites.t  The  "Crystal"  cave 
is  instructive  on  account  of  its  beautiful  crystallizations  of 
celestite.t  Perry's  cave  is  the  largest  of  the  four  and  is 
perhaps  over  200  feet  in  its  extreme  dimensions.  The  maxi- 
mum hight  of  this  cave  is  about  ten  feet. 

The  rocks  of  the  island  have  been  assigned  to  the 
Lower  Helderberg  epoch.  These  horizontally  stratified 
rocks  have  been  greatly  disturbed  in  the  immediate  vicin- 
ity of  the  caves,  but,  as  yet,  no  trace,  whatever,  of  volcanic 
action  has  been  noted  at  any  point  in  this  region.  The 
peculiar  condition,  however,  of  the  roof  and  also  the  floor 
of  the  Perry  cave  gives  us  a  clew  to  the  probable  cause  of 
the  rock  disturbances,  if  not  of  all  the  caves,  of  Perry's  at 
least. 


•  Read  before  the  Philadelphia  meeUng  of  the  Oeologrlcal  Society 
of  America,  December  29,  19(H. 

t  The  stalactites  of  this  cave  have  recently  been  studied  by  Fuller  in 
regard  to  their  bearing  upon  recent  land  tilting.  Science,  N.  S  xx,  16}^ 
1904. 

X  Wright,  a  recently  discovered  cave  of  celestlte  crystals  at  Put- 
In-Bay.     Ohio.    Ameruan  Goologiot.  xxii,  ^61. 

Kraus,    Occurrence   and   Distribution  of  Celestite-bearing  Rocks.     Ameri- 
can JoumeU  of  Seienu^  x«f,  1905.  ' 
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The  roof  of  the  Perry  cave  is  very  interesting  in  that 
it  is  gently  arched.  Many  of  the  strata,  composing  it,  do 
not,  however,  extend  entirely  across  the  cave.  The  roof, 
therefore,  in  some  places  has  an  appearance  similar  to  in- 
verted steps.  The  floor  conforms  to  the  uneveness  of  the 
roof,  for  where  there  is  a  depression  in  the  former  there  is  a 
corresponding  projection  downward  in  the  latter  and  vice 
versa.  This  phenomenon  is,  doubtless,  the  result  of  fold- 
ing and  subsequent  collapse. 

The  question,  which  must  be  settled  first,  is  what  has 
brought  about  the  rock  disturbances  inasmuch  as  there  is 
no  evidence  of  volcanic  action.  During  the  past  summer 
several  wells  were  drilled  on  the  island.  The  one  on  the 
farm  of  Louis  Schiele  on  the  southeastern  shore  of  the 
island  reached  a  depth  of  170  feet.  Below  a  depth  of  100 
feet  alternate  layers  of  gypsum,  shale,  and  limestone  were 
encountered.  Some  of  these  deposits  of  gypsum  were  10 
feet  thick.  The  cores*  between  the  depths  indicated  show 
that  a  very  large  amount  of  brecciation  has  taken  place,  giv- 
ing evidence  to  the  fact  that  the  gypsum  is  the  result  of 
the    hydration   of  anhvdrite. 

The  hydration  of  anhydrite  is  always  accompanied  by 
an  increase  in  volume.  Credner,t  Fritsch,*  Bauer,§  and 
Geikie  !l  estimate  the  increase  in  volume,  thus  brought 
about,  t(^  he  approximately  33  per  cent.  On  the  other  hand, 
however,  such  reliable  authorities  as  J.  D.  Dana**  and  Nau- 
niann-Zirkel  '  •  place  this  increase  in  volume  at  a  much 
higlier  figure,  namely  60  per  cent.  J.  Roth,tt  moreover, 
has  carefully  calculated  the  change  in  volume,  which  must 
result  when  anhydrite  takes  up  two  molecules  of  water  of 
crystallization  to  form  gypsum,  and  estimates  the  same  to 
be  as  high  as  62.3  per  cent.  Perhaps,  in  some  instances, 
values  between  those  just  indicated  would  represent  the 
true  amount  of  increase. 


*  The  wcH  was  sunk  by  means  of  a  socalled  "shot  drlU"  about  three 
Inches  In  diameter. 

t  Gtologie,    8to    Auflage,    1897,   221. 

XDas  Gotthardf^ebeit,    Born.  1878.     Anhydrlt    und   Gyiw,   119. 

9  Lehrbuch  der  Mimralogie,     2te   Auflage.  1904.   847. 

II  Textbook  of  Geoiogy,  4th  Edition,  1903    I..   453. 
••  Afanua/  of  Geology,  4th  Edition,   1895.    138. 
tt  EUmente  dss    MintralogU,    13te  Auflage,   1898.  546. 
tt  Chemiscke  Geologie,  1870,    I.  89. 
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For  our  consideration  it  is  important  that  there  is  actu- 
ally an  increase  in  volume  when  anhydrite  becomes  hy- 
drated  and  concerning  this  point  there  can  be  no  question, 
\vhatever,  as  the  cores  from  the  Schiele  well  furnish  the 
best  of  evidence.  Furthermore,  all  the  authorities,  cited 
above,  agree  that  this  increase  is  sufficient  to  exert  enor- 
mous pressure  directed  upward,  and  also,  that  the  disturb- 
ances, which  are  generally  encountered  in  the  rocks  overly- 
ing gypsum  deposits,  are  to  be  referred  to  such  a  cause. 
Bischoff*  and  Credner*  cite  many  instances  where  disturb- 
ances have  been  noted.  Among  the  various  localities, 
which  are  mentioned  by  the  former,  we  find  especial  refer- 
ence to  two  American  sections,  namely  Oneida  and  Onon- 
daga counties  in  the  state  of  New  York,  where  very  pecu- 
liar conditions  of  the  strata  exist.  In  these  localities  very 
considerable  deposits  of  gypsum  occur — in  some  instances 
as  thick  as  60  or  more  feet. 

There  is  no  question  as  to  the  enormity  of  the  force 
exerted  by  freezing  water  and  yet,  the  increase  in  volume, 
caused  by  the  water  passing  from  a  liquid  to  a  solid  con- 
dition, is  but  9  or  10  per  cent.  It  has,  nevertheless,  been 
estimated  that  the  force  thus  exerted  is  no  less  than  138 
tons  per  square  foot*  or  1.916  pounds  per  square  inch.  Thus, 
we  find,  if  we  consider  the  lowest  figures,  given  above,  as 
correct  for  the  increase  in  volume  accompanying  the  change 
from  anhydrite  to  gypsum,  namely  33  per  cent,  that  this 
increase  is  more  than  three  times  that  indicated  above  for 
freezing  water,  and  hence,  a  much  greater  force  would 
necessarily  be  exerted,  even  if  the  compressibility  of  gyp- 
sum be  somewhat  greater  than  that  of  water.  In  this  con- 
nection both  BischofF  and  Credner  sav  that  this  increase 
in  volume  is  the  cause  of  the  uplifts,  folding,  and  faulting, 
which  are  so  commonly  noticed  in  the  overlying  and  ad- 
joining strata — a  phenomenon  which  formerly  gave  rise  to 
the  notion  that  gypsum  was  of  eruptive  origin.  Dana, 
Geikie,  Prestwick,  and  many  others  also  indicate  the  fact 
that  the  hydration  of  anhydrite  is  usually  accompanied  by 
local  disturbances. 

•  Ckemische  Geohgie   U,  188-197. 

t  Geohgie  8te  Aufla^e,  1897,  200-201. 

X  Rrigham^  A  text-book  of  Oeologry.  1902,    24. 
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Thus,  knowing  that  in  the  immediate  vicinity  of  these 
caves  there  is  a  large  deposit  of  gypsum,  formed  by  the 
hydration  of  anhydrite,  we  must  assigfl  to  this  change  the 
cause  of  the  rock  disturbances  of  the  locality.  Gypsum, 
however,  is  quite  readily  soluble  in  water,  for  according  to 
Kohlrausch  and  Rose*  one  part  of  gypsum  is  soluble  in  483 
parts  of  water  at  15°  C.  That  a  very  abundant  supply  of 
water  is  present  to  bring  about  the  solution  of  the  gypsum 
is  evidenced  by  the  fact  that  the  level  of  the  lake  is  reached 
at  a  depth  of  about  40  feet.  This  can  be  readily  seen  in 
several  of  the  caves. 

The  passing  of  gypsum  into  solution  on  a  large  scale  is 
well  known  and  may  be  observed  in  almost  all  gypsum 
quarries.  When  the  mass  of  the  mineral,  thus  removed,  is 
of  a  considerable  size,  the  overlying  strata  in  many  in- 
stances sink.  Among  others,  BischoflF  and  Credner  cite 
many  such  cases.  Bischoff  says,  that  oftentimes  the  rocks 
overlying  g}-psum  deposits  first  undergo  uplift,  folding  and 
so  forth  and  then  as  the  mineral  below  is  dissolved  and  re- 
moved these  strata  may  settle,  assuming  a  position  nearly 
horizontal,  thereby  not  revealing  the  fact  that  they  had 
been  (listur!)ed  at  ail.  Credner*  also  refers  to  interesting 
phenomena  at  Eislehn,  where  conditions  somewhat  similar 
to  those  at  Put-In-Bay  exist. 

In  the  case  at  the  Perry  cave,  we  have  had  the  folding. 
Sohition  has  also  taken  place  but  not  all  of  the  overlying 
strata  settled  into  a  nearly  horizontal  position — some  were 
left  in  the  position  they  assumed  as  the  result  of  the  folding 
and  now  appear  like  an  arch  on  a  bridge  or  vault. 

The  accompanying  figure  shows  an  ideal  section 
through  the  Perry  cave.  Layers  i  and  2  show  that  the  roof 
(^f  the  cave  is  still  arched.  Layers  3  and  4  represent  the 
strata,  which  give  evidence  of  a  collapse  for  they  do  not 
extend  continuously  across  the  cave.  The  step-like  ar- 
rangement of  the  strata  at  a  and  b  conforms  exactly  to  c 
and  d  in  the  roof.  These,  however,  are  not  the  only  evi- 
dences of  a  collapse,  for  we  often  can  note  concave  or  con- 
vex unevenesses  in   the  floor  and  directly  above  we  find 


•  Geohgie  8te    Aufla^e,    1897,    221,  222. 
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forms  in  the  roof,  which  correspond  to  the  uneven  places 
in  the  floor. 

We  may,  therefore,  sum  up  as  follows:  The  change 
of  anhydrite  to  gypsum  has  given  rise  to  the  folding  which 
is  quite  prevalent  in  this  section,  the  abundant  water  supply 
has  caused  the  solution  of  large  amounts  of  gypsum,  where- 
by a  partial  collapse  of  the  overlying  strata  resulted,  leav- 
ing an  open  space  between  the  strata,  which  still  remain 
folded  and  those  which  settled.  No  doubt  this  explanation 
will  also  apply  to  the  formation  of  some  of  the  other  caves. 
In  the  "Crystal"  cave  it  is  difficult  to  make  observations  as 
to  the  relation  of  the  roof  to  the  floor  on  account  of  the 
large  number  of  well  developed  celestite  crystals,  which 
occur  attached  on  all  sides  of  the  cave.  In  Kindt's  cave  the 
conditions  are  somewhat  similar  to  those  in  Perry's.  As 
yet  I  have  not  been  able  to  examine  Danssa's  cave,  but  in- 
asmuch as  this  cave  is  in  very  close  proximity  to  the  Perry 
cave,  the  above  explanation,  no  doubt,  also  applies  to  it. 
Mineralogical  Laboratoryy    University  of  Michigan. 


THE  GEOLOGICAL  AND  TOPOGRAPHICAL  FEATURES  OF  THE 

CITY  OF  MONTEREY,  NUEVO  LEON,  MEXICO,  AND  ITS 

VICINITY. 

Ebnbst  Wittmanv,  Monterey,  Mex. 

Sir: — While  recently  in  the  City  of  Monterey,  Mexico,  I  was 
greatly  struck  hy  the  singular  geological  formation  of  the  canyons 
and  mountain  ranges  in  the  vicinity.  The  lofty  and  slender  peaks 
of  hlue  limestone  rising  abruptly  from  the  level  campania,  with 
almost  vertical  stratifications  which  give  them  the  appearance  of 
fluted  columns  are  truly  impressive,  not  to  say  weird-looking,  differ- 
ing so  greatly  from  anything  to  be  seen  out  of  New  Spain.  Ono 
fully  recognizes  the  force  of  Humboldt's  words: 

"There  is  scarcely  another  part  of  our  globe  where  the  moun- 
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'*  tains  present  so  extraordinary  a  structure  as  in  New  Spain. 
••«  «  «  «  Those  immense  plains  elevated  to  the  hight  of  our 
"highest  mountains;  those  gigantic  peaks  hewn  with  such  regularity 
"into  conical  forms;  those  abrupt  chasms,  so  deep  that  the  eye  can 
"scarcely  penetrate  their  gloomy  abyses; — ^nothing  in  our  regular 
"formations  has  prepared  us  to  see  and  comprehend  these  things, 

"nothing  fills  the  space  which  exists  in  our  minds  between  our  pre- 
"vious  observations  and  that  which  suddenly  strikes  our  view." 

Very  remarkable,  too,  are  the  horizontal  beds  of  chalk-like  de* 
posits  called  "Sillares"  overlying  the  water-bearing  stratum  of 
gravel,  the  more  so  as  they,  in  common  with  the  hard  limestone 
appear  to  be  absolutely  non-fosiliferous. 

Finding  that  my  friend,  Mr.  Ernest  Wittmann,  a  scientific 
Austrian  gentleman  residing  at  Monterey  had  spent  considerable 
time  in  studying  these  interesting  features,  I  suggested  that  he 
write  out  some  of  the  results  of  his  investigations,  particularly  as 
so  little  seems  to  be  known  of  the  geology  of  this  part  of  Mexico. 
He  has  complied  with  my  suggestion,  and  hopes,  with  me,  that  th3 
inclosed  manuscript  may  prove  of  sufficient  merit  to  justify  its 
publication  in  your  columns. 

220  West  57th  St.,  E.  Shbrman  Gould. 

New  York. 

The  city  of  Monterey  in  the  state  of  Nuevo  Leon,  well 
known  as  one  of  the  best  developed  centers  of  industry  of 
the  republic  of  Mexico,  is  also  a  very  interesting  point  for 
geological  study. 

On  the  southerly  side  of  the  city,  rises  the  great  range 
of  the  eastern  Sierra  Madre  vi'ith  its  picturesque  foot  hills; 
east  of  it,  and  divided  from  it  by  the  deep  and  narrow 
Iluajuco  canyon,  the  Sierra  de  la  Silla,  or  Saddle  mountain. 
rears  its  lofty  peak. 

West  of  the  city  are  the  foot  hills  of  a  mountain  range 
called  the  Sierra  de  la  Mitra,  a  branch  of  the  Sierra  Madre. 
L'pon  these  foot  hills  stand  the  ruins  of  the  old  "Bishop's 
l\'ilace,"  partly  destroyed  by  the  cannon  balls  of  general 
Taylor. 

I>et\veen  the  Sierra  Madre  and  the  Sierra  de  la  Mitra. 
lies  the  valley  of  Santa  Catavina  through  which  runs  the 
river  of  the  same  name.  On  the  north  side  of  the  city 
stretches  a  level  plain,  some  portions  of  which  are  very  fer- 
tile and  yield  rich  harvests  of  corn,  sugar  cane  and  vegeta- 
bles. 

About  five  miles  north  of  the  city  this  plain  is  broken 
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by  an  isolated  mountain,  some  four  miles  long  and  two  and 
a  half  wide  called  the  Sierra  del  Topo,  renowned  for  its 
hot  sulphur  springs  which  appear  on  the  southeasterly 
slope  near  the  little  village  of  San  Bernabe. 

Farther  north  are  other  mountain  ranges  which  close 
the  valley  on  three  sides,  having  their  slope  from  west  to 
east,  with  the  Sierra  del  Topo  as  a  center. 

On  the  east  side  are  low  hills,  between  which  the  riv- 
ers Santa  Catarina  and  Pescaria  find  their  way. 

Such  is  the  topography  of  Monterey  as  it  appears  to- 
day. But  what  enormous  changes  must  have  taken  place 
in  former  periods! 

The  Sierra  del  Topo  and  the  Topo  Chico  which  rise 
out  of  the  plain  that  bounds  the  city  on  the  north,  are  of 
plutonic  origin,  overlain  by  vast  diluvial  formations,  to 
which  class  all  the  other  ranges  also  belong. 

The  Topo  Chico  is  of  a  nearly  pure  limestone  (99.20%), 
very  glossy,  but  semi-cristalline,  with  veins  of  pure  gypsum 
and  numerous  '*blow-outs''  (galena)  near  the  summit,  with 
lead  deposits  at  its  northwesterly  foot,  and  sulphur  springs 
of  a  temperature  of  102°  Fahr.  on  the  east.  The  strata  of 
the  surrounding  mountains  indicate  an  upheaval  towards 
the  Topo  Chico.  They  consist  also  of  limestone  of  varying 
density,  intermingled  with  magnesite,  etc. 

Imbedded  in  these  mountains  are  large  deposits  of  iron 
and  lead  ore,  mostly  in  pockets,  as  well  as  deposits  of  rock 
salt  and  other  alcaline  rocks  with  sulphate  of  soda  in  excess. 
In  many  places  the  soluble  portions  of  these  rocks  are 
washed  out,  leaving  channels  for  the  subterranean  water- 
courses, some  of  which  are  sweet  and  others  more  or  less 
mineralized. 

At  a  former  period,  probably  after  the  upheaval  of  the 
Topo  Chico  mountain,  the  valley  of  Monterey  was  a  vast 
lake.  The  foremost  scientist  of  his  day,  Alexander  von 
Humboldt  recognized  this  fact.  Natural  appearances  indi- 
cate that  the  present  level  of  Monterey  was  probably  more 
than  160  feet  below  the  surface  of  this  lake  which  must 
have  been  inclosed  by  hills  on  the  east  side  of  the  valley, 
through  which  at  a  later  period  it  found  an  outlet.  The 
evaporation  from  this  lake  must  have  been  enormous,  and 
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the  water  charged  with  lime  from  flowing  through  a  lime- 
stone formation,  would  naturally  leave  a  chalky  deposit. 
More  than  130  feet  above  the  present  level  of  the  town  wc 
find  this  deposit  lying  in  thick  beds,  and  also  underlying 
the  city  at  a  depth  below  the  surface  of  from  one  to  ten 
feet,  with  a  thickness  of  from  30  to  40  feet. 

Till  within  the  last  ten  years  this  deposit  of  soft  lime- 
stone, called  *'sillar,"  which  has  the  color  and  consistency 
of  chalk  and  lies  in  horizontal  beds,  has  been  the  only 
building  material  in  use  in  the  city  of  Monterey,  and  it  is 
still  employed  for  nearly  all  common  buildings  on  account 
of  its  cheapness  and  many  excellent  qualities.  It  loses  its 
coherence  when  subjected  to  a  temperature  below  the 
freezing  point. 

Underneath  this  formation  is  found  a  bed  of  coarse 
gravel  mixed  with  large  boulders  through  which  an  abund- 
ance of  fresh  water  flows.  The  depth  of  this  gravel  bed 
•lias  never  been  ascertained.  The  present  water  supply  of 
the  citv  comes  from  wells  sunk  down  to  this  formation.  In 
these  wells  the  water  shows  a  tendencv  to  flow  from  south- 
west  to  northeast.     In  some  the  flow  is  clearly  visible. 

As  we  do  not  know  how  much  of  the  sillar  deposit  has 
been  carried  away  in  solution,  or  how  the  temperature  and 
climatic  conditions  may  have  changed  since  the  time  of  its 
formation,  it  is  impossible  to  make  an  exact  estimate  of 
the  time  re<|uired  to  lay  down  the  vast  beds  which  now 
exist,  (iranting  that  the  conditions  were  the  same,  or 
nearly  the  same  as  they  are  to-day,  we  may  assume  the 
evaporation  from  the  surface  of  the  former  lake  to  have 
l)e(.'n  about  three  sixteenths  of  an  inch  in  24  hours,  or 
about  6  cubic  feet  per  scjuare  foot  of  surface,  per  year.  The 
evaporated  water  may  have  contained  0.385  parts  of  prim- 
ary calcium  carbonate  in  1000  parts  of  water,  or  0.24  of 
secondary  carbonate  of  lime  at  a  temperature  of  59°  Fahr. 
An  analysis  recently  made  by  Mr.  Butsch,  chemist  of  the 
Monterey  steel  works,  resulted  in  0.23  parts  carbonate  of 
lime  in   1000  parts  of  water. 

The  former  temperature  may  have  been  higher  than 
59*^,  so  we  may  assume  0.25  parts  in  loco  parts.  This  would 
give  a  yearly  precipitation  of  0.0015  f^-  o^  ^5  ^^^^  >^  lOfiOO 
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years.  As  the  precipitation  would  be  the  same  whether 
the  water  was  5  feet  or  150  feet  deep  we  cannot  estimate 
the  true  thickness  of  the  bed  from  the  diflference  between 
the  highest  and  the  lowest  level,  but  we  may  safely  assume 
that  the  deposit  below  Monterey  represents  the  least  possi- 
ble thickness. 

Reasoning  as  above,  a  period  of  not  less  than  22472 
years  would  be  necessary  to  deposit  the  existing  bed  of 
sillar.  But  how  many  thousand  years  have  passed  since 
that  lake  disappeared  and  the  rivers  took  its  place  and  com- 
menced their  own  work  of  destruction  and  reconstruction? 
Our  surest  guide  in  geological  study  is  lacking  in  this  case. 
No  fossils  are  found  in  the  sillar,  no  shells  of  Crustacea 
which  would  help  to  fix  the  period  of  the  deposit.  At  least 
the  author  has  never  succeeded  in  finding  any.  But  the 
undisturbed  condition  of  the  horizontal  beds  of  sillar  indi- 
cate that  since  their  deposition  commenced  there  has  been 
no  further  volcanic  eruptions  in  the  valley. 

Below  the  gravel  beds  of  undetermined  thickness,  we 
would  surely  find  the  disrupted  and  uplifted  lime  rock,  and 
below  that  again  the  limestone  of  Topo  Chico.  An  artesian 
well  sunk  to  a  considerable  depth  in  former  years  failed  to 
give  definite  results,  for  the  drill  broke  and  the  work  was 
stopped  when  a  depth  of  2,000  feet  was  said  to  have  been 
reached. 

A  possible  explanation  of  the  origin  of  the  Topo  Chico 
mountain  may  be  that  a  mass  of  plutonic  rock  in  a  state  of 
refusion  and  under  enormous  pressure  partly  penetrated 
and  partly  uplifted  the  overlying  stratum  of  diluvial  rock. 
The  rounded  top  of  the  mountain  leads  to  the  belief  that 
the  whole  mass  while  in  eruption  was  in  a  semi-fluid  con- 
dition. The  eruption  was  followed  by  an  outburst  of  sul- 
phurous gases  which  must  have  continued  for  a  long  time 
to  penetrate  the  cracks  and  fissures  (Miised  by  the  contrac- 
tion of  the  crust  while  in  process  of  cooling.  These  fissures, 
from  half  an  inch  to  over  three  feet  in  width,  have  been 
nearly  all  closed  by  the  action  of  the  fumes  of  sulphur 
which  changed  the  carbonate  of  lime  to  sulphate  of  lime. 

Not  all  of  these  cracks  and  fissures  have  been  thus 
nearly  all  closed  by  the  action  of   the  fumes    of   sulphur 
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about  three-quarters  of  a  cubic  foot  per  second  comes  to  the 
surface  at  a  temperature  of  102°  Fahr.,  and  charged  with 
sulphur  to  the  saturation  point  at  this  temperature.  Other 
ingrecHents  arc  also  found  in  this  water,  but  in  insignificant 
quantities.  The  temperature  of  the  water  indicates  that 
it  must  come  from  a  depth  of  3,000  feet,  and  this  also  con- 
veys an  idea  of  the  depth  of  the  plutonic  formation  which> 
of  course,  lies  still  deeper. 

The  opinion  has  been  very  often  expressed  that  this 
water  is  forced  to  the  surface  by  artesian  pressure,  but  this 
idea  is  untenable  under  the  circumstances.  It  is  much 
more  likely  that  it  is  the  pressure  exercised  by  the  expan- 
sion of  the  heated  water  itself  that  brings  it  to  the  sur- 
face. 

Sprinkled  over  the  summit  of  this  mountain  are  small 
deposits  of  galena  but  not  on  a  scale  to  warrant  exploita- 
tion. Mining  operations  are  carried  on  at  the  northerly 
foot  of  the  mountain,  though  with  but  slender  results. 
There  may  be  a  great  body  of  ore  somewhere  in  the  vicinity 
but  if  so,  it  has  not  yet  been  discovered. 

Monterey,    October,    lUOJf. 


CLASSIFICATION  OF  THE  UPPER  CRETACEOUS  FORMATIONS 

OF  NEW  JERSEY.* 

Stuart  Wbller,  Chicago,  111. 

Three  classifications  of  the  Upper  Cretaceous  formations 
of  New  Jersey  have  l)een  published  in  the  reports  of  the  geo- 
logical survey  of  Xew  Jersey ;  1.  Cook's  1868;  2,  Clark's  1892- 
(;7;  3,  Knap])  and  Kunimel's  1898-1904.  Cook  based  his 
classification  upon  the  lithologic  characters  of  the  beds»  fully 

(lifTerentiating  the  beds  of  the  "marr*  series.  Clark's  classi- 
fication was  based  in  part  upon  paleontologic  data,  but  his 

differentiation  of  tlie  beds  was  no  advance  over  that  of  Cook; 
he  distinguished  four  major  divisions,  viz.,  Matawan,  Mon- 
mouth. Kancocas  and  Manascjuan.  Knapp  and  Kiimmel 
have  differentiated  the  old  "clav  marl'*  series  of  Cook  into 

five  formations,  viz..  Merchantville,  Woodbury,  Columbus, 
Marshalltown  and  Wenonah.  based  upon  lithologic  charac- 
ters alone. 


•  Abstract  of  a  paper  read  at  the    Philadelphia  meetliw»    O.    8. 

Dec.  1904. 
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The  paleontologic  studies  of  the  writer  not  only  add  very 
largely  to  the  previous  data  regarding  the  faunas  of  these 
beds,  but  also  show;  i,  that  the  five  "clay  marl"  formations 
of  Knapp  and  Kiimmel  are  as  sharply  differentiated  by  their 
fossil  contents  as  by  their  lithologic  characters;  and  2,  that 

the  "yellow  sand"  of  Cook,  which  was  finally  referred  to  the 
Miocene  by  Clark,  is  of  Cretaceous  age,  being  an  arenaceous 
facies  of  the  Vincentown  lime-sand  formation. 


DRUMLIN   AREAS  IN    NORTHERN    MICHIGAN.* 

Ibkabl  C    Rvsbkll,  Aon  Arbor,  Mich. 

There  are  at  least  two  regions  in  the  Northern  Peninsula 
of  Michigan,  in  which  drumlins  form  the  most  conspicuous 
features  of  the  topography.  One  of  these  areas  includes 
Les  Cheneaux  Islands  and  a  part  of  the  adjacent  mainland, 
on  the  north  shore  of  lake  Huron ;  and  the  other  area  is  sit- 
uated principally  in  Menominee  county,  to  the  west  of  Green 
bay. 

Les  Cheneaux  islands  area  embraces  about  70  square 
miles,  the  numerous  drumlins  within  it  are  of  the  elongate, 
ridge-like  type,  are  in  general  about  40  feet  high,  and  trend 
N.  W.  and  S.  E.  The  direction  of  ice  movement  to  which 
the  drumlins  are  due,  as  recorded  by  striae,  etc.,  on  rock  sur- 
faces,  was  from  the  N.  W.  towards  the  S.  E.  Many  of  the 
drumlins  are  partially  submerged  in  the  water  of  lake  Huron 
and  form  Les  Cheneaux  islands  and  the  capes  on  the  border 
of  the  adjacent  mainland ;  the  conspicuous  parallelism  of  the 
longer  axes  of  the  islands  and  of  the  neighboring  capes,  is 
due  to  this  cause.  The  drumlins  are  for  the  most  part  be- 
low the  horizon  of  the  Nipissing  beach,  and  have  been 
washed  by  lake  waters  so  as  to  remove  the  greater  part  of 
the  fine  material  formerly  present  on  their  surfaces,  and 
concentrate  the  stones  and  boulders. 

The  Menominee  area  occupies  at  least  150  square  miles, 
and  contains  many  hundred  and  probably  several  thousand 
drumlins.  The  drumlins  are  most  of  the  ridge  like  type,  are 
usually  about  40  feet  high,  and  their  longer  axes  trend  N.  E. 
and  S.  W.     The  till  of  which  they  are  composed  is  reddish, 


•  Abstract  olT  a  paiMr  read  at  the   Fliiladelphia  meeting,    O.    &.    A.» 
Dec,  1904. 
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sandy,  without  lamination,  and  contains  many  flat  slabs  of 
limestone  which  are  without  orderly  arrangement.  Boulders 
of  native  copper  and  of  specular  iron  ore  found  in  the  till, 
indicate  that  it  was  deposited  by  a  glacier  moving  from  the 
N.  W.  toward  the  S.  E.  Striae  etc.  on  rock  surfaces  in  the 
midst  of  the  drumlins,  record  an  ice  movement  from  the  N. 
E.  toward  the  S.  W.  The  longer  axes  of  the  drumlins  are 
not  strictly  parallel,  but  vary  in  trend  from  N.  32  degrees  E. 
to  X.  55  degrees  E.  The. rock  on  which  the  drumlins  rest, 
is  Trenton  limestone,  and  has  a  conspicuously  even  surface; 
no  knobs  or  crags  are  present,  such  as  might  serve  as  nuclei 
for  till  accumulation.  The  larger  drumhns  rise  to  a  uniform 
hight  and  if  the  valleys  and  channels  between  \hem  were 
filled  a  nearly  horizontal  plain  would  be  produced.  The  de- 
pressions separating  the  drumlins  are  in  many  instances, 
smooth  surfaced,  concave  troughs ;  and  in  one  example  there 
is  a  well  defined  trench  of  this  character,  about  12  feef  deep 
and  from  20  to  30  feet  wide,  about  the  X.  E.  end  of  a  small 
drumlin  and  extending  along  its  sides.  The  surfaces  of  the 
drumlins  to  a  depth  of  some  12  to  18  inches,  are  composed 
of  exceedingly  fine,  dust-like  loamy  sand,  which  contains 
loose  stones  and  boulders.  • 

The  (Irunilins  are  for  the  most  part  smooth-surfaced,  half 
cic^ar-shai)ed  hills  of  the  normal  type,  but  in  a  few  instances 
instructive  irrei^nilarities  are  present.  Among  these  are:  a 
flattening  of  a  portion  of  the  normally  elliptical  ground  plan 
as  if  a  ni:ir<^inal  portion  of  a  well-shaped  drumlin  had  been 
removed  by  erosion,  leaving  an  abnormally  steep  slope;  deep 
transverse  trenches  at  right  angles  to  their  longer  axes; 
straight  or  curved  trenches  extending  from  their  summits 
down  their  sivles ;  irregular  pits  in  their  normally  smooth 
surfaces;  and  in  one  instance,  a  terrace-Hke  shelf  with  a  con- 
vex longitudinal  [)rofile.  parallel  with  the  crest  line  of  the 
drumlin  on  the  side  of  which  it  occurs. 

Fn  the  valleys  between  the  drumlins,  there  are  several 
cskers,  which  as  a  rule  arc  in  a  general  way  parallel  with 
their  longer  axes,  but  in  a  few  instances  cross  their  trend 
nearly  at  right  angles.  In  one  example,  an  esker  extends 
each  way  from  a  transverse  trench  in  a  drumlin;  and  in  a 
few  instances,  eskers  occur  on  the  tops  of  drumlins. 
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From  the  evidence  just  summarized,  the  conclusion  is 
drawn  that  the  drumlins  of  the  Menominee  area  were  pro- 
duced by  ice  erosion  from  a  previously  deposited  till  sheet. 
This  explanation  is  essentially  in  harmony  with  the  theory 
of  the  origin  of  drumlins  advanced  several  years  since  hf 
professor  Shaler. 

Attention  will  also  be  invited  to  the  importance  of  ice 
erosion  in  shaping  the  topography  of  glagial  deposits  in  other 
regions. 


FAUNA  OF  THE  CLIFFWOOD  CLAYS.* 

Stcabt  Wbllbr,  Chicago,  111. 

The  flora  of  the  Cliffwood  clays  on  the  south  shore  of 
Raritan  bay,  New  Jersey,  has  been  studied  in  detail  by  Hol- 
lick  and  Berry,  but  no  careful  study  of  the  fauna  of  these 
beds  has  previously  been  attempted.  An  investigation  of  this 
fauna  by  the  author  shows  its  close  relationship  to  the 
faunas  of  the  "clay  marl"  formations  above,  but  at  the  same 
time  shows  that  the  Cliffwood  fauna  possesses  an  individual 
charcater  of  its  own.  The  geographic  distribution  of  the 
beds  containing  the  fauna  is  limited  to  a  small  area  between 
Cliflfwood  point  and  the  head  of  Cheesquake  creek,  while  the 
superjacent  Merchantville  clay,  with  its  uniform  fauna,  ex- 
tends entirely  across  the  state  of  New  Jersey.  The  basal 
line  of  the  Merchantville  clays  can  be  traced  as  a  natural  geo- 
logic horizon  across  New  Jersey,  separatiftg  the  heterogen- 
ous, usually  non-marine  Raritan  beds  beneath,  from  the  re- 
markably constant  marine  beds  of  the  "clay  marl"  formations 
above.  •The  marine  Cliffwood  clays  represent  a  limited 
transgression  of  the  marine  conditions  from  the  Atlantic 
basin,  into  the  area  where  non  marine  sedimentation  had 
been  in  progress  during  the  greater  portion  of  Raritan  time. 
These  Cliffwood  clays  are  the  most  notable  example  of  such 
marine  sediments  in  the  Raritan,  but  not  the  only  example, 
since  marine  fossils  have  also  been  found  towards  the  base 
of  the  Raritan  near  Sayresville.  In  mapping  the  Cliffwood 
clavs  they  should  be  included  in  the  Raritan  rather  than  with' 
the  superjacent  beds. 

•  Abstract  of  a  paper  read  at  the    Philadelphia  meeting^,    G.     S.     A.. 
Dec.  1904. 
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The  New  Madrid  Earthquake,  by    Edward  M.  Shbpard.   Springfield, 
Missouri,  (Journal  of  Geology,  Vol.  13,  pp.  45-62.) 

This  paper  is  of  unusual  interest  because  of  the  explanation  of 
the  earthquake  which  is  there  proposed.  There  have  been  many 
theories  advanced  as  to  its  cause  during  the  century  which  has 
nearly  elapsed  since  the  quake,  but  practically  all  must  be  con- 
sidered as  mere  suggestions,  as  the  writers  have  in  general  never 
visited  the  field  nor  familiarized  themselves  with  the  details  of 
evidence.  The  fact  that  the  problem  was  approached  through  hy- 
drologic  investigations  is  of  interest. 

Professor  Shepard's  explanation  may  be  summarized  as  fol- 
lows: The  deposits  in  the  New  Madrid  region  consist  of  super- 
ficial clayey  beds  underlain  by  fine  sands  saturated  with  water 
under  considerable  artesian  pressure.  This  clay,  it  is  thought,  had 
been  slowly  undermined  during  centuries  by  the  steady  removal 
of  fine  sand  by  springs,  which  still  exist  in  considerable  numbers 
and  bring  up  fine  sand  to  the  present  day.  A  slight  earthquake 
originating  probably  in  a  readjustment  of  some  fault  In  the  Ozarks 
communicated  itself  to  the  unconsolidated  deposits,  fracturing  the 
clay  capi)ing,  upon  which  tjie  artesian  pressure  was  relieved  by 
the  extrusion  of  the  sand  and  water  as  described  by  nearly  all 
observers,  thus  permitting  the  warping  of  the  surface  through  the 
re-arrangement  of  the  materials  underlying  the  surface  clays.  A 
similar  explanation  is  thought  to  be  applicable  to  the  changes  near 
Shroveport.  Louisiana. 

Professor  Shei)ard's  suggestion  as  to  the  origin  of  the  shock 
in  the  Ozark  region  seems  to  be  a  good  one.  The  wave-like  undu- 
lations of  the  surface  during  the  quake  are  characteristic  of  shocks 
which  have  been  transmitted  to  unconsolidated  materials  from  the 
harder  rocks,  and  its  assumed  western  origin  is  borne  out  to  some 
extent  by  the  fact  that  the  shock  became  progressively  less  severe 
through  the  settled  regions  to  the  East.  The  West  was  not  then 
settled.     [1811-12.1 

The  reviewer,  who  had  the  opportunity  of  accompanying  pro- 
fessor Shepard  on  one  of  his  trips  into  the  region,  agrees  with  him 
as  to  the  i)robable  point  of  origin  of  the  earthquake,  and  as  to  the 
existence  of  a  clayey  surface  underlain  by  quicksand  saturated  with 
water  under  artesian  pressure.  He  believes,  however,  that  the 
springs,  occurring  as  they  do  only  in  stream  beds  sunk  some  dis- 
tance below  the  level  of  the  surrounding  flats,  represent  simply  the 
normal  inflow  of  groundwater,  and  are  not  of  deep  seated  origin. 
Nor  does  the  sand  brought  up  by  such  springs  seem  to  be  in  suf- 
ficient quantities  to  account  for  any  extensive  undermining.    On 
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the  contrary,  so  fax  as  can  be  observed,  the  extrusion  of  sand  in 
considerable  amounts  seems  to  be  a  feature  strictly  associated  with 
the  earthquake.  In  the  writer's  opinion  there  was  little  prelimin- 
ary undermining,  the  extrusion  of  the  quisksand,  which  when  sat- 
urated will  often  flow  like  water,  bein^  limited  essentially  to  the 
period  of  shock.  The  permanent  warping  of  the  surface  would  ap- 
pear to  be  due  to  the  contemporaneous    undermining    at  certain 

points  due  to  the  removal  of  the  sand  and  a  readjustment  within  the 
quicksand  bed  at  other  points.  m.  l.  f. 

New  Species  and  a  New  Genas  of  Batracbian  Footprints  of  the 
Carboniferous  Sjrhtezn  in  Eastern  Canada.       By  Q.  F.  ^atth^W. 
[Trans.  Royal  Society  of  Canada,  2d  Ser.  vol.  x.  Sec.  IV,  p.  77, 
Ottawa,  1904.] 

This  article  is  the  result  of  Dr.  Matthew's  studies  of  some  addi- 
tional species  of  fossil  footprints  from  the  Carboniferous  system  of 
eastern  Canada. 

It  furnishes  a  more  complete  review  of  the  forms  already 
treated  of  in  his  former  paper  published  in  the  Canadian  Record 
of  Science,  Montreal,  and  of  earlier  articles  on  the  same  subject  to 
be  found  in  the  Bulletin  of  the  Natural  History  Society  (St.  John, 
N.  B.)  and  in  the  Transaction  of  the  Royal  Society  of  Canada. 

The  six  plates  of  figures  with  the  article,  show  how  different 
in  type  are  footprints  of  the  Carboniferous  time  from  those  of  the 
Jura-Trias;  which  is  quite  In  keeping  with  the  distinctness  in  or- 
ganization of  the  quadrupeds  of  the  two  epochs. 

The  article  has  a  special  value  in  presenting  more  clearly,  and 
from  additional  evidence,  the  characters  of  Dawson's  genus  Hylopus, 
which  is  herein  considerably  limited.  It  gives  additional  particu- 
lars of  Dawson's  remarkable  species  Sauropu^  unguifer,  which  is 
referred  to  the  genus  Pseudobradypus  (See  Can.  Rec.  Sci.,  vol.  ix. 
No.  2,  p.  109). 

Special  comparisons  of  these  Carboniferous  fossil  footprints, 
are  made  with  those  of  the  living  frog  and  alligator,  as  regards  the 
number,  of  toe  prints  made  and  the  attitude  of  the  toes.  The  mat- 
ter of  the  trail  of  the  belly  or  the  tail  shown  in  some  of  these  fossil 
tracks  is  also  discussed. 

The  conclusion  arrived  at  is  that  there  are  marked  peculiarities 
in  the  fossil  prints  that  distinguish  them  from  those  of  modem  rep- 
tiles and  amphibians,  as  typified  in  the  alligator  and  frog,  and  show 
them  to  have  belonged  to  a  different  order  or  orders  of  animals. 

As  regards  the  length  of  stride  in  these  creatures,  "  the  blunt- 
toed  species  hold  a  middle  place,  and  those  whose  bodies  or  tails 
trailed  upon  the  ground,  took  much  shorter  steps  than  the  others. 
Many  of  the  long-toed  forms,  though  not  all,  had  a  long  stride." 

Dodge's  Advanced  Geography.    R.  E.  Dodgb    pp.  xlx  and  333.    Rand, 
McNally  &  Co.,  ll>04,  price,  $1.20. 
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This  book  is  uniform  with  Dodge's  Elementary  Geography  which 
was  noticed  in  the  Geologist  fvol.  xxxiv,  p.  197),  and  compares  well 
with  its  predecessor  in  all  of  its  points  of  excellence.      N.  H.  w. 

Studemts*  Laboratory  Manual  of  Phjraical  Geof^apby,  Albert  Perry 
Brigham,  pp.  153.  D.  Appleton  &  Company,  New  York,  1905. 
One  of  the  Twentieth  Century  Text-books  edited  by  A.  F.  Night- 
ingale, Superintendent  of  Schools  of  Cook  County,  111. 

The  progress  of  the  geological  surveys  of  the  states,  and  par- 
ticularly that  of  the  United  States  Geological  Survey,  has  made  such 
books  as  this  possible  to  the  American  student.  As  these  surveys 
have  led  to  a  more  detailed,  as  well  as  a  more  systematic,  examin- 
ation of  the  features  of  the  land,  they  have  resulted  In  a  mass  of 
geological  and  geographical  information  which,  as  yet,  is  very  large- , 
ly  confined  to  the  original  official  reports.  It  is  the  task  of  Dr.  Brig- 
ham  to  reduce  this  information  to  more  simple  terms  and  to  bring 
its  final  results  into  sharp  and  comprehensive  expression  and  In- 
dividual use,  and  at  the  same  time  to  make  the  student  an  Inter- 
ested, if  not  an  eager,  inquirer  in  pursuit  of  geographical  knowl- 
edge. No  young  person  can  go  through  the  exercises  required  by 
this  categorical  inquisition  without  becoming  not  only  a  good 
g(^ographer  but  a  fairly  good  geological  observer.  N.  H.  w. 

The  Fficc  ot  the  Enrth  [Das  Antlitz  der  Erde).  By  Edward  Siess, 
professor  of  geology  in  the  I-niversity  of  Vienna.  Translated 
by  Hkr THA  B.  C  SoLLAs  under  the  direction  of  W.  J.  Sollas,  pro- 
fessor of  geology  in  the  I'niversity  of  Oxford.  Vol.  I,  with  4 
maps.  2  full-page  plates  and  48  other  illustrations.  Oxford,  The 
Clarendon  Press.  Henry  Frowde.  London,  Edinburgh,  Glasgow. 
X«*\v  York  and  Toronto.  Price,  $8.25.  Prof.  Suess  has  written 
a  si)eei;il  preface  for  the  English  translation. 

We  had  occasion  to  notice  the  French  translation  of  this  great 
work  (vol.  U  in  vol.  27,  p.  56,  of  the  Geologist.  The  work  of 
course  is  th<'  same,  in  an  English  garb — so  closely  the  same  that 
it  has  adoiMed  the  great  fault  of  the  original,  i.  e.,  the  lack  of  an 
index. 

At  the  opening  of  chapter  V  (p.  173)  is  the  following  statement: 
"Precise  investigation  shows  that  a  measurable  displacement  of 
any  fragment  of  the  rocky  crust  of  the  earth,  with  regard  to  another, 
whether  it  takes  the  form  of  elevation,  subsidence  or  horizontal  dis- 
placement, has  not  yet  l)een  convincingly  established."  This  seems 
to  call  in  question  the  evidence  on  which  many  important  geological 
principles  have  been  based,  such  as  block  mountains  and  all  fault- 
ing. We  are  reassured,  how^ever,  by  the  following  sentence  with 
which  the  same  paragraph  closes:  "But  if  movements  do  not  actu- 
ally take  place  before  our  eyes,  yet  numerous  dislocations  show 
that  they  have  often  occurred  on  the  grandest  scale,  and  frequent 
earthquakes  prove  that  they  are  not  yet  at  an  end.' 


ft 
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The  work  when  completed  will  be  one  of  the  most  comprehen- 
sive and  philosophic  compends  of  the  features  of  the  earth's  sur- 
face ever  conceived.  It  exceeds  Lyell's  as  Lyell's  surpasses  Hut- 
ton's,  because  of  the  increased  knowledge  of  the  globe. 

V.   H.   \v. 

• 
Elements  of  Mineralogy.  Crystallography  and  Blowpipe  Analysis 
from  a  practical  standpoint,  including  a  description  of  all  com- 
mon or  useful  minerals,  the  tests  necessary  for  their  identifica- 
tion, the  recognition  and  measurement  of  their  crystals,  and  a 
concise  statement  of  their  uses  in  the  arts.  By  Alfred  J.  Moses 
and  Charles  Lathrop  Parsons,  3rd  enlarged  edition,  pp.  444. 
Price,  $2.50,  net.    D.  Van  Nostrand  Company,  New  York,  1904. 

This  work  has  been  entirely  re-arranged  and  much  of  it  re-writ- 
ten. Many  of  the  original  diagrams  and  figures  have  been  dis- 
carded, or  have  been  replaced  by  half-tone  photographs  of  real 
crystals.  "The  introductory  portion  of  Part  HI,  Descriptive  Miner- 
alogy, has  been  carefully  revised  and  re-written,  a  chapter  added 
upon  "Occurrence  and  Origin  of  Minerals" ;  the  discussion  of  chemi- 
cal composition  and  chemical  relations  of  minerals  made  more  thor- 
ough; the  optical  portion  simplified,  and  th^  phenomena  of  radio- 
activity, fluorescence  and  phosphorescence  described.  To  those 
who  know^  the  excellence  of  the  earlier  edition  of  this  work  these 
improvements*  will  afTord  reason  for  greater  use  and  higher  appre- 
ciation. N.  H    w. 

Geology  of  theShafter  Silver  Mining  District ,  Presidio  County,  Texas.  By 
]    A.  Udden      Texas  Mineral  Survey,  Bull.  8,  60  pp.,  1904. 

The  Shafter  mining  district  supports  the  only  successful  silver 
mines  of  Texas.  This  region  was  studied  by  professor  Udden  and 
a  report  issued  fully  discussing  the  geologic  conditions.  Shafter  is 
located  196  miles  southeast  of  EI  Paso,  in  the  Chinati  mountains. 

The  sedimentary  rocks  are  represented  by  Carboniferous  and 
Cretaceous  deposits;  the  former  by  the  Cieneguita  beds  composed 
of  1,000  feet  of  conglomerates,  shales  and  "mortar  rocks";  which 
are  succeeded  by  the  Alta  beds  composed  of  2,000  feet  of  dark 
shales  and  1,500  feet  of  yellow  sand,  both  carrying  typical  Coal 
Measures  fauna;  and  the  Cibolo  beds  which  consist  of  100  feet  of 
marly  shales  and  limestone  masses,  133  feet  of  coarsely  brecciated 
limestone,  limestone  (lower  zone  of  sponge  spicules)  85  feet,  thin 
bedded  zone  (limestone)  470  feet,  and  capped  with  650  feet  of  yel- 
low limestone.  These  three  formations  represent  a  cycle  of  depo- 
sition or  series.  No  definite  relation  had  been  established  between 
this  section  and  the  Guadaloupe  region  of  the  Permian.  He  states 
that  some  of  the  fossils  from  the  yellow  limestone  seem  to  point  to 
its  identity  with  the  Guadaloupian  rocks  and  there  is  some  similar- 
ity in  the  stratlgraphic  succession;  however,  the  fauna  as  a  whole 
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can  not  be  considered  as  indicating  such  a  relationship.  The  fauna 
is  referable  in  age  to  the  Missourian  of  the  Mississippi  valley.  The 
entire  section  of  Carboniferous  rocks  is  designated  as  the  Chinatl 
series. 

The  Lower  Cretaceous  sediments  rest  on  the  Carboniferous 
rocks.  Here  professor  Udden's  study  of  the  minute  structure  of  the 
rocks  has  enabled  him  to  divide  them  into  formations  based  on  con- 
ditions of  sedimentation.  His  section  of  the  Cretaceous  rocks,  in 
descending  order  follows:  Buda  limestone  ?  70  feet;  Del  Rio 
clay  ?  80  feet;  Bdwards  limestone,  350  feet;  Shafter  beds.  700 
feet;  Presidio  beds,  400  feet. 

The  sedimentary  deposits  are  interrupted  and  tilted  by  intru- 
sive granites,  lava  flows,  dikes  and  faults.  One  of  the  features  in- 
teresting to  geologists  is  that  the  old  caves  developed  in  the  thick 
Carboniferous  limestone,  near  the  disturbed  region,  are  filled  to 
some  extent  with  ore,  which  has  been  one  of  the  productive  sources 
of  silver.  The  faults,  fissures  and  smaller  cavities  are  mineralised 
also. 

The  report  is  illustrated  by  plates,  sections  and  map.  The  dis- 
cussion of  the  minute  characters  of  the  rocks,  the  topography  and 
structure  occupy  a  considerable  space,  and  numerous  sections  and 
lists  of  fossils  are  given.  J.  W.  B. 

The  Tower  of  Pelcc;  new  studies  of  the  great  volcano  of  Martiniqae. 
AnoeloHbilprin.  Quarto,  pp.  62,  23  plates,  1904.  J.  B.  Lippin- 
cott  Company,   Philadelphia  and  London. 

Prof.  Heilprin  has  been  an  earnest  and  enterprising  explorer 
of  the  unfortunate  island  of  Martinique.  He  has  visited  it  three 
times.  His  last  visit  culminated  in  a  special  examination  of  that 
remarkable  tower  which  has  become  one  of  the  famous  features 
of  a  famous  volcano,  "Nature's  monument  to  30,000  dead  who  lay 
in  the  silent  city  below,  it  rose  up  a  huge  monolith,  830  feet  above 
the  newly  constructed  summit  of  the  volcano,  and  5,020  feet  above 
the  Caribbean  surface, — a  unique  and  incomparable  type  in  our 
planet's  wonderland." 

Prof.  Heilprin  shows  that  the  earliest  known,  or  probable,  ob- 
servation on  the  embryo  tower  was  on  May  31,  1902,  about  three 
weeks  after  the  first  great  eruption.  It  had  an  interrupted  exist- 
ence. With  a  continual  tendency  to  rise  it  was  destroyed  by  the 
later  explosions  and  shocks,  the  summit  being  specially  liable  to 
decapitation.  It  rose  from  20  to  30.  feet  per  day  for  a  period  of  a 
month,  constantly  changing  its  form,  its  greatest  hight  being  stated 
to  have  been  about  5,200  feet,  viz:  on  May  30-31,  1903.  On  that 
day  it  lost  180  feet.  The  composition  of  the  tower  seems  to  hare 
been  pumiceous  andesyte;  it  was  constantly  penetrated  by  steam 
which  rose  through  vertical  fissures  sometimes  even  to  the  sununlt. 
It  was  apparently  at  first  a  mass  of  more  or  less  ocmsoUdated 
andesyte  and  perhaps  of  volcanic  ejects  of  earlier  ages,  probably 
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:similar  in  that  respect  to  the  cone  upon  which  it  rested,  or  through 
which  it  ^^as  pix>trujde<l. 

The  destruction  of  the  tower  began  in  July,  1903.  It  was  ac- 
companied, and  probably  caused,  by  a  more  pronounced  activity  of 
t\^e  volcano,  producing  the  dense  black  clouds  which  descended 
the  mountain  slopes  to  the  sea  and  are  thought  to  be  of  the  nature 
of  the  fatal  blast  that  visited  and  destroyed  Saint-Pierre.  After  the 
tower  was  destroyed,  which  Required  but  tew  weeks,  a  huge  dome 
b,e^n  to  rise  ij^  its  place.  This  was  made  up  more  or  less  of  lava 
.aad  was  accompanied  by  frequent  discbarges  of  dust  and  boulders. 
It  rose  at  about  the  same  rate  as  the  tower.  It  was  sometimes 
incandescent.  By  October  the  dome  had  reached  a  hight  of  500 
teet.  Through  it  protruded  small  towers,  more  solid,  believed  by 
Heilprin  to  be  the  basal  parts  of  the  great  tower.  These,  and  the 
fjeat  tower  itself,  he  regards  as  protrusions  of  the  old  volcanic 
n^ck  of  Mont  Pel^e,  dislodged  from  the  place  of  its  original  con- 
solidation, and  not  the  production  of  viscous  lava  consolidated  in 
-situ  as  it  slowly  rose  from  the  interior.  The  latter  idea,  however, 
is  m^ntained  by  the  French  commission  headed  by  Prof.  Lacroix. 
The  author  gives  abundant  evidence  to  support  his  idea  of  the  na- 
ture and  origin  of  the  tower. 

The  author  gives  a  categorical  statement  of  the  wonderful 
phenomena  of  this  volcanic  eruption,  comparing  it  with  similar 
world-known  eruptions,  and  concludes  with  some  reflections  on  the 
-nature  and  origin  of  volcanoes,  and  the  cause  of  explositions.  He 
discards  the  idea  of  the  entrance  of  surface  waters  to  the  heated 
Interior  of  the  earth's  crust,  whether  oceanic  or  land  water,  and 
Inclines  to  the  idea  of  magmatic  water  escaping  from  the  magma 
and  from  the  hydrated  rocks  of  the  interior.  His  arguments  are 
far  from  conclusive,  but  this  is  not  the  place  to  discuss  them. 

N.   H.   W. 
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PERSONAL  AND  SCIENTIHC  NEWS. 


GKOGRAPiric  bociKTv  <>F  CHICAGO.  Profcssor  F.  R. 
Moulton  of  the  University  of  Chicago  gave  an  illustrated 
lecture  before  this  society  on  January  13th.  His  subject 
was  "What  geography  owes  to  astronomy.  On  February 
loth  Professor  R.  D.  Salisbury  addressed  the  Society;  his 
subject  was  "Western  mountain  scenery." 

Mr.  C.  W.  Fukington  of  Denver,  accompanied  by  Mr. 
Sidney  Paige,  spent  last  summer  in  Alaska  in  an  investiga- 
tion, for  the  U.  S.  Geological  Survey,  of  the  methods  and 
costs  of  placer  mining.  The  report  on  this  subject  has  been 
nearly  finished.  One  chapter  of  this  report,  dealing  with 
roads  and  road  building  in  Alaska,  will  soon  be  printed  as 
a  Senate  document.  Mr.  Purington  advocates  the  building 
of  certain  main  government  roads  in  Alaska,  and  he  esti- 
mates that  such  roads  can  be  built  for  from  $1,200  to  $3,000 
per  mile,  with  a  yearly  cost  for  maintenance  of  $350  per 
mile.  These  figures  are  based  on  the  cost  of  roads  that 
have  been  built  by  the  Canadian  government. 

(teological  JSociktv  of  Washin(jt()N  At  the  meeting 
of  January  nth  the  following  program  was  presented: 
"Undulations  of  certain  layers  of  the  Lockport  limestone," 
G.  K.  Gilbert;  "The  great  fault  of  the  Bitterroot  moun- 
tains," Waldemar  Lindgren ;  "Artesian  water  in  crystalline 
rocks,"  G.  ().  Smith  ;  **Some  erratic  boulders.in  middle  Car- 
boniferous shale  in  Indian  Territory,"  J.  A.  Taff.  At  the 
ine^r'ting  of  January  25th  the  following  program  was  pre- 
sented:  ''\<^'{\  W(\<>  of  southwestern  Colorado,"  Whitman 
Cross  and  I  >ncst  Howo  ;  ''Cause  and  periods  of  earthquakes 
in  the  New  Madrid  area.  Mo.  and  Ark.,"  M.  L.  Fuller; 
*'Soine  crystalline  rocks  of  the  San- Gabriel  range,  Califor- 
nia," Rali)h  .\rnold  and  A.  M.  Strong;  *'The  question  of  the 
orij^in  of  the  natural  mounds  of  Louisiana,"  A.  C.  Veatch. 
At  the  meeting  of  February  8th  the  following  program  was 
presented:  "\otes  on  the  fossils  of  the  Bahamas,"  Wm. 
if.  Dall ;  "Pre-camhrian  rocks  of  the  Franklin  .Furnace 
<juadranj^le."  A.  C.  Spencer;  "Consanguinity  of  the  erup- 
tive rocks  of  C'rip])le  Creek,"  L.  C.  Graton ;  "The  big  sink 
on  the  Lucin  route  across  Great  Salt  Lake,"  J.  M.  Bout- 
well. 

CHi('A(io  AcADKMV  OF  S(  iKNcKs.  Profcssor  T.  C.  Cham- 
berlin  has  been  re-elected  president  for  the  year  1905. 
Amon.tjf  the  lectures  for  the  winter  course  of  this  year  are 
the  following:  ''The  Yellowstone  National  Park,"  Charles 
Truax ;  "The  devil  fishes  and  their  relatives,"  F.  C.  Baker; 
^*The  evolution  of  dogs  and  cats/'  S.  W.  Williston, 
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Dr.  a.  S.  Packard,  celebrated  morphologist  and  geolo- 
gist of  Brown  University,  died  February  14th  at  66  years 
of  age. 

United  States  Geological  Survey. 

Among  the  recent  publications  of  the  Survey  are  the 
following : 

'^Mineral  resources  for  1903." 

"Comparison  of  a  wet  and  crucible-fire  methods  for  the 
assay  of  gold  telluride  ores,  with  notes  on  the  errors  occur- 
ring in  the  operations  of  fire  assay  and  parting,"  by  W.  F. 
Hillebrand  and  E.  T.  Allen.     Bulletin  No.  253. 

"The  southern  Appalachian  forests,"  by  H.  B.  Ayres 
and  W.  W.  Ashe.     Professional  Paper  No.  37. 

''Primary  triangulation  and  primary  traverse,  1903-4," 
by  S.  S.  Gannett.     Bulletin  No.  245. 

"The  Huron  (S.  D.)  Folio,"  No.  113,  by  J.  E.  Todd. 

"A  gazetteer  of  Indian  Territory,"  by  Henry  Gannett. 
,  Bulletin  No.  248. 

"Zinc  and  lead  deposits  of  northwestern  Illinois,"  by 
H.  Foster  Bain.     Bulletin  No.  246. 

'^Geology  of  the  Perry  Basin,  Maine,"  by  G.  O.  Smith 
and  David  White,  Professional  Paper  No.' 35. 

"Rock  cleavage,"  by  C.  K.  Leith,  Bull.  No.  239. 

"The  water  resources  of  the  Philadelphia  district,"  by 
Florence  Bascom.  Water  Supply  and  Irrigation  Paper  No. 
106. 

"The  geology  of  the  Hudson  valley  between  the  Hoosic 
and  the  Kinderhook,"  by  T  Nelson  Dale.     Bull.  No.  242. 

Bulletin  No.  254  is  devoted  to  the  Cripple  Creek  dis- 
trict and  contains  a  summary  of  facts  bearing  upon  the 
economic  development  of  this  famous  gold  district.  This 
report  is  by  Waldemar  Lindgren  and  F.  L.  Ransome  and 
i?  issued  in  advance  of  the  final  report  on  the  district,  which 
final  report  will  contain  detailed  descriptions  made  possible 
by  the  resurvey  of  this  area  completed  last  year. 

"Economic  geology  of  the  lola  (Kansas)  quadrangle," 
.    by  G.  T.  Adams,  Erasmus  Haworth  and  W.  R.  Crane.    Bull. 
No.  238. 

Globe  (Arizona)  folio,  by  F.  L.  Ransome. 

Bisbee  (Arizona)  folio,  by  F.  L.  Ransome. 

Among  the  topographic  maps  recently  issued  are :  Ann 
Arbor,  Mich.:  Assiniboine,  Havre,  Yantic,  Chinook,  Mont.; 
Cripple  Creek  special  map,  Colo. 

Geological  SoriETY  of  Washington.       At  the  m^^eting 

on  December  14th  Mr.  G.  K.  Gilbert  presented  a  paper  on 
"Crescentic  gouges  on  glaciated  surfaces." 
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Thk  Largest  Diamond  Evkr  Found  is  reported  to  have 
been  discovered  in  the  Premier  mine,  South  Africa,  its 
weight  being  about  a  pound  and  a  half  avoirdupois.  It  is 
called  the  New  Gem.  and  its  value  is  estimated  at  one  mil- 
lion dollars,  depending  on  its  quality  and  shape.  Its  diam- 
eter, uncut,  is  four  inches.  The  diamond  called  "Brazil" 
belonging  to  the  court  of  Portugal,  is  valued  at  two  million 
dollars,  and  is  three  inches  in  diameter  after  cutting,  dis- 
covered in  1680. 

Unprincipled  Assa vkrs.  **A  word  should  be  added  con- 
cerning the  damage  which  unscrupulous  assayers  have  in- 
flicted upon  the  region.  With  premeditated  purpose  they 
have,  in  many  cases,  issued  false  certificates,  thus  buoying 
up  nope  where  it  already  existed,  and  creating  undue  excite- 
ment. In  many  cases  the  unsuspecting  miner  has  been  led 
to  continue  his  search  for  the  metals  in  the  most  impossible 
places.  Xo  one  thing  has  contributed  more  harm  to  this 
industry  than  have  these  unprincipled  assayers."  E  G^ 
YfiH)\)K\}Vh\  'Srd  Birnniai  Repori,  Oklahoma. 

-New  York  Academy  of  Sciences,  Section  of  (teoi.oot 
AND  Mineralogy.  At  a  late  meeting  the  following  entitled 
papers  were  read : 

'The  Serpentines  and  Associated  Asbestos  of  Belvedere 
Mountain,  X'ermont,"  \'.  F.  Marsters. 

"Interpretation  of  Certain  Interglacial  Laminated  Clays 
and  Their  i)earing  upon  Measurement  of  Geologic  Time," 
Charles   P.  Berkey. 

•* Involution  (^f  Some  Devonic  Spirifers,"  A.  W.  Grabau. 

At  the  meeting  of  January  9th.  Dr.  George  F.  Kunz 
read  a  |)aper  on  the  ** Jagersfontein  or  Excelsior-TiflFany 
Diamond,"  the  largest  diamond  ever  found  up  to  the  present 
time,  ft  weighed  970  carats,  and  was  a  gem  of  most  mar- 
velous purity.  This  diamond  w^as  most  expertly  cleaved 
into  |)ieces,  and  from  it  were  cut  ten  gems  weighing  from 
13  to  68  carats  each  ;  a  total  of  340  carats:  and  these  were 
imported  into  the  L'nited  States.  Mr.  Kunz  also  stated" 
that  carbon  silicide  had  been  detected  in  the  meteorite  from 
the  Canon  Diablo  by  Dr.  Henri  Moissan.  of  Paris,  together 
with  transparent  diamond  and  black  diamond.  As  carbon 
silicide  has  been  made  artificially  with  the  electric  furnace 
by  Messrs.  Cowles,  .Acheson  and  Moissan  heretofore,  and 
was  first  determined  in  nature  by  professor  .Moissan,  if 
agreeable  to  Professor  M(^issan.  he  would  suggest  the  name 
moissanite  for  this  compound. 

Professor  J.  J.  Steven.son  read  a  paper  entitled,  "Recent 
Advances  in  our  Knowledge  of  the  Composition  of  Coals."" 
He  said  that  the  coals  of  Spitzbergen,  according  to  Na- 
thorst,  are  in  great  part  of  Jurassic  age.     The  mining  ope- 
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rations  are  confined  to  Advent  bay,  a  branch  of  the  ice  fiord 
of  west  Spitzbergen,  where  coal  has  been  opened  on  both 
sides  of  the  bay.  The  deposit  has  been  followed  north- 
wardly for  about  ten  miles,  and  for  an  equal  distance  west- 
wardly. 

The  chief  enterprise  is  on  the  easterly  side  of  the  bay, 
where  the  bed  is  somewhat  less  than  five  feet  thick.  The 
coal  from  the  upper  part  is  splint-like,  whrle  that  from  the 
lower  part  is  brilliant  and  somewhat  prismatic.  The  divis- 
ions show  a  notable  difference  in  the  percentage  of  volatile, 
the  upper  containing  about  ten  per  cent  more  than  the 
lower.  The  coal  shows  no  tendency  to  coke,  and  that  from 
the  lower  portion  is  attacked  energetically  by  caustic 
potash. 

The  coal  was  compared  with  that  from  other  localities 
in  which  the  benches  show  notable  difference  in  volatile. 
The  results  of  tests  with  caustic  potash  made  upon  a  num- 
ber of  coals  appeared  to  show  that  non-coking  coals  are 
attacked  promptly,  while  coals  yielding  a  firm  coke  are  not 
affected  even  after  prolonged  boiling. 

Professor  J.  F.  Kemp  spoke  upon  "New  Sources  of  the 
Supply  of  Iron  Ores."  Emphasis  was  first  placed  upon  the 
enormous  demands  made  by  the  iron  industry  of  to-day 
upon  the  mines  of  the  United  States,  Great  Britain  and  Ger- 
many. The  conviction  is  held  by  many  that  within  fifty 
years  the  local  American  sources  of  rich  ores  of  whose 
existence  we  now  know  will  be  exhausted  and  the  iron 
masters  compelled  to  seek  new  deposits.  The  following 
possible  new  districts  were  passed  in  review :  the  Labrador 
prospects  discovered  by  Mr.  A.  P.  Low,  of  the  Canadian 
Geological  Survey,  which  might  also  ship  to  Europe; 
Adirondack  areas  of  reported  magnetic  attraction  and  pos- 
sible lean  ores,  the  Temagami  district  and  the  Michipicoten 
range.  Ontario;  the  southern  continuation  of  the  Marquette 
range  beneath  the  drift;  the  southern  half  of  the  Mesabi 
probable  syncline  beneath  the  swamps  northwest  of  Du- 
luth,  as  suggested 4)y  C.  P.  Berkey ;  the  Baraboo  range;  the 
deposits  in  Iron  county,  Utah,,  and  in  the  Wasatch  moun- 
tains :  the  magnetites  of  southern  California  and  the  pros- 
pects in  Washington  and  along  the  coast.  The  speaker  em- 
phasized the  important  reserves  in  the  titaniferous  magne- 
tites and  their  great  quantity. 

The  necessary  connection  between  the  coal  fields  and 
any  great  development  of  the  iron  and  steel  industry  was 
emphasized  and  the  future  of  the  three  great  producers  of 
to-day  forecast  as  involved  in  the  permanency  of  the  coals. 
The  reserves  of  coal  are  greater  in  Germany  and  America 
than  in  Great.  Britain.    The    province    of    Shan-si,  China, 
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having  rich  stores  of  both  coal  and  iron,  seems  to  be  the 
one  possi])lc  new  location  of  the  future  great  iron  industry. 

IVof.  Marsters  said:  *]jclvidere  Mountain  lies  approx- 
imately along  the  line  between  the  counties  of  Orleans, 
Lamoille  and  Franklin.  It  is  a  sharp  crested  ridge  with  a 
maximum  elevation  of  some  2,100  feet  above  Eden  Corners 
at  its  southern  termination.  Three  topographic  elements 
are  prominent,  a  sharp  crested  ridge  forming  the  upper  yoo 
feet  of  the  mountain,  a  crescentic  plateau  with  a  Hat  top 
1,200  feet  above  the  valley  lioor  and  rimming  the  end  of  the 
mountain  and  lastly  a  steep  slope  composing  the  foot  of  the 
plateau  antl  extending  to  the  valley  bottom. 

The  ui)per  part  with  steep  slopes  is  composed  of  ani- 
phibolite.  In  addition  to  the  hornblende  which*  make  up 
seventy-live  per  cent  of  the  rock,  there  is  also  present  an 
inconsiderable  amount  of  epidote  and  a  non-pleochroic  col- 
orless mineral  regarded  as  zoisite,  together  with  magnetite 
and  |)yrite.  Towards  the  base,  garnet  becomes  a  promi- 
nent constituent,  sufficient  to  make  a  well-defined  garnet 
zone.  In  nearly  all  cases  observed,  the  garnet  is  largely 
altered  to  pemiinite,  a  variety  of  chlorite.  Along  the  gar- 
net zone  the  hornblende  has  also  undergone  marked  altera- 
tion in  ])art  to  serpentine.  The  nose-like  projection  form- 
ing the  plateau  is  composed  of  terpentine.  In  this  rock 
occur  the  >o-calle(l  asbestus  deposits  recently  prospected 
and  worked  for  this  product..  In  thin  section  the  serpen- 
tine appears  to  be  made  uj)  largely  of  a  felty  and  fibrous 
mass,  ap])arent  only  under  cross  nicols.  It  is  typical  fib- 
rous scer|)entine.  in  thin  sections  from  the  upper  part  of 
the  plateau  ami  in  close  proximity  to  tjie  overlying  aniphi- 
1  •>lite,  there  appear  shredded  masses  i)resenting  the  original 
structure  nf  hornblende  as  seen  in  the  amj>hibolite,  but 
niiutralonically  altered  to  a  fibrous  mass  with  the  oj>tical 
eharacteristies  of  anlho|)byllite.  It  is  not  improbable, 
moreover,  that  a  ])orti«)n  ni  the  hornblende  has  altered  to 
treni«»liic.  These  librous  constituents  form  the  so-calle<l 
"slip-liber." 

The  serpentine  belt  has  also  been  subjected  to  peculiar 
faulting  and  crushing.  The  cracks  thus  produced  even  on 
a  niier(»seo|iie  scale,  have  been  tilled  with  these  fibrous  con- 
stituents, and  then  the  whole  mass  submitted  to  further 
slipping.  This  has  caused  the  slickensiding  phenomena 
on  the  t'racture  ])lanes  and  a  c»>nse(|uent  stretching  of  the 
fibrous  content;  hence  the  term  **slip-iiber."  "Cr(»ss-fiber" 
or  true  chrysotile  is  to  be  found  in  this  area.  It  is  best 
develo|)rd  along  lines  of  maxinuim  fracture  and  minimum 
lateral  thrust.  There  appears  to  be  two  bands  of  maxi- 
nuun  fracture,  one  extending  along  the  upper  portion  of 
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the  plateau  and  not  far  from  the  garnet  zone  the  second 
along  the  foot  of  the  plateau  and  best  shown  on  the  prop- 
erty of  Judge  Tucker. 

'Jlie  i)aper  of  Dr.  C.  P.  Berkey  is  printed  in  the  Journal 
of  Geology,  Jan.-Feb.,  1905,  vol.  13. 

The  last  paper  of  the  evening  was  by  professor  A.  W. 
Hragau,  on  the  '^Evolution  of  Some  Devonic  Spirifers." 
Spirifer  mucronatus  (Conrad)  is  a  Linnaean  species  com- 
prising a  large  number  of  mutations.  A  remarkable  fact  is 
that  all  mutations  pass  through  a  mucronate  stage  such  as 
is  characteristic  of  the  adult  mutation  after  which  the 
species  is  ^lamed.  (The  term  mutation  is  here  used  in  the 
sense  in  which  it  was  originally  proposed  by  Waagen,  and 
not  in  that  in  which  it  was  subsequently  used  by  De  Vries; 
i.  c.,  for  the  result  and  not  for  the  process.)  A  still  earlier 
stage  in  development  (nepionic)  shows  the  non-mucronate 
features  of  the  ancestral  species  similar  to  S.  duodenarius 
of  the  Onondaga.  The  mucronate  feature  is  carried  to 
excess  in  a  number  of  mutations  of  the  Lower  Hamilton 
group.  It  is  especially  persistent  in  the  Michigan  region. 
This  type  jf  outline  is  accompanied  by  a  rib  in  the  median 
sinus  and  a  depression  in  the  fold.  In  Ontario  the  primi- 
tive mucronate  type  gives  rise  upward  to  a  number  of  mu- 
tations which  are  especially  characterized  by  progressive 
increase  in  hight  without  corresponding  lengthening  of  the 
hinge.  The  median  plication  and  depression  quickly  dis- 
appear. 

Acceleration  and  retardation  in  development  are  the 
chief  principles  which  explain  the  development  of  the  gVeat 
number  of  mutations.  For  the  principle  of  retardation  the 
term  bradygrnt'sis  was  proposed,  corresponding  to  the 
term    tiir/ni^fnesis     proposed  by  Hyatt  for  acceleration. 

In  the  Xew  York  province  the  primitive  mucronate 
type  gives  rise  to  high  and  short-hinged  mutations,  but 
these  retain  the  median  rib  and  depression.  In  form  these 
are  tachygenetic ;  in  respect  to  the  surface  features,  brady- 
genetic.  In  the  arenaceous  beds  of  the  later  Hamilton 
in  eastern  Xew  York,  a  mutation  with  many  ribs  and  moder- 
ate mucronations  exists.  This  is  in  many  respects  a  brady- 
gentic  type.  Side  by  side  with  extremely  accelerated  or 
tachygenetic  types  in  all  horizons  (i.  e.,  very  short-hinged, 
non-mucronate.  high  and  thick  mutations)  occur  slightly 
retarded  or  bradygenetic  types  which  retain  in  the  adult 
the  mucronate  character  which  is  typical  of  the  young  of 
all  the  mutations.     • 

The  Field  Columbian  Museum  will  have  the  following 
course  of  lectures :  March  4,  "The  Explanation  of  Indian 
Ceremonies,"  Dr.  G.  A.  Dorsey;  March  11,  "Giant  Reptiles 
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of  Xortli  America,  Mr.  E.  S.  Riggs;  March  18,  **Extinct 
Mammals  of  Xorth  America/'  MJr.  E.  S.  Riggs;  March  25, 
"Aims  and  Methods  of  Bird  Studv,"  Dr.  N.  Dearhorn ; 
April  I.  "Hawaiian  Cruise  of  the  Alhatross/'  Prof.  C.  C. 
Xutting:  Aj^ril  8,  "The  P^rtilization  of  Flowers  by  In- 
sects." l)r.  1'.  II.  Snow:  April  15,  "Geographic  Factors  In- 
volved in  the  Rise  of  Chicago,"  Dr.  J.  Paul  Goode;  April 
22,  "How  Rivers  and  Lakes  Uecame  Stocked  with  Fishes." 
Dr.  S.  1^.  Meek:  April  29.  "The  r»asketry  of  California," 
Dr.  J.  W.  Hudson. 

Kkcknt  Study  in  Soitueastekn  Michigan  by  F.  B. 
Taylor  shows  that  when  lake  Maumee  was  lo\vere<l  the 
waters  fell  to  the  level  of  the  upper  beach  of  lake  Arkona, 
and  that  at  the  close  of  this  lake's  existence  the  ice  front  re- 
ndvanced,  pushing  the  point  of  discharge  uj)  the  crest  of 
the  "thumb,"  thereby  clo.^'ng  the  Arkona  outlet  and  raising 
the  waters  to  the  level  of  the  Belmore  beach  of  lake  Whit- 
tlesey. 

Thk  Goldfields  Distrut,  Nevada,  is  a  new  mining  CHmp 
of  much  pn.)mise.  lying  about  23  miles  south  of  Tonopah. 
Mr.  J.  F..  Si)urr  visited  this  district  in  Xoveniber  for  the  U. 
S.  Geological  Survey.  The  rocks  are  almost  entirely  vol- 
canic and  are  ])rol)ably  of  Tertiary  age.  The  ores  occur  in 
rhvolvles  and  andesvtes,  though  no  definite  vein  systems 
were  observed.  The  outcrops  of  the  (piartz  bodies  are  irreg- 
ular, straggling,  branching,  and  apt  to  disaj>pear  suddenly. 
riicv  arc  sometimes  nearly  circular  or  crescentic,  and  fre- 
f|ucnily  arc  roughly  lenticular  and  intermittent.  Owing  to 
the  silicificalion  of  the  volcanic  rock  in  which  it  occurs,  the 
(|iiarlz  itself  is  gray  and  jasj)ery.  It  is  probable  that  this 
sihciticalion  is  the  work  of  hot  si)rings  and  that  these  irreg- 
tdar  reefs  represent  the  horizontal  sections  of  cohimns  of 
rocks  traversed  bv  rising  colunms  of  hot  water.  Had  the 
rocks  been  strongly  fractured  we  should  have  had  veins  like 
thosi-  t)f  tlu'  early  andcsyte  at  Tonopah,  but  the  lack  of  such 
[\  fractmt*  sxsiem  at  Golltlelds  resulted  in  this  curious  and 
ratlnr  muisual  tv])e  of  deposit.  It  follows  that  the  quartz 
nets  will  ])robably  extend  deeper  vertically  than  horizontal- 
ly, and  ^o  ha\e  roughly  the  nature  of  columns  or  pipes.  The 
•  •ris  are  often  of  very  high  grade.  .\s  an  extreme  example 
i^av  be  n<ited  a  shipment  vA  14' j  tons  from  the  Sandstorm, 
V.  liich  \ielded  S45.7S^  net  when  worked  in  a  stamp  milU 
while  the  tailini^s  still  contained  about  $l,000  to  the  ton. 
Ironi  the  Mcl\ane-r>owes  lease  on  the  Jinnbo  $6oD,O0O  was 
irnan  oiu  in  five  months  from  a  s])ace  that  measured  lOO 
feet  horiz<»ntally  and  200  feet  vertically  on  the  shoot.  The 
whole  production  of  the  camp  has  come  from  ores  that 
range  in  value  from  $joo  to  S^cx)  a  ton.  The  values  are  all 
in  gold,  as  silver  is  j»ractical!y  absent. 
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[RAPHICAL  SKETCH  OF    HENRY   McCALLEY.* 
Bjr  EuoEMB  A.  Smith,  University,  Alabama. 
PORTRAIT—PLATE  XIII. 

Henry  McCalley,  who  died  of  pneumonia  in  Hunts- 
ville,  Alabama,  on  November  21,  1904,  was  born  in  that 
city,  February  11,  1852.  He  was  the  son  of  Thomas  San- 
ford  McCalley  of  Spbttsylvania  county,  Va.,  and  Caroline, 
daughter  of  Robert  Landford  who  built  the  second  house 
in  Huntsville. 

Mr.  McCalley  was  one  of  a  family  of  nin£  children  who 
reached  adult  age.  He  lived  at  his  home  two  miles  west 
of  the  court  house  in  Huntsville  from  his  birth  to  man- 
hood. His  school  career  was  begun  under  the  care  of 
Mrs.  McKay,  then  considered  the  most  excellent  teacher 
for  young  children.  From  Mrs.  McKay  he  went  to  Dr. 
J.  M.  Bannister,  rector  of  the  Church  of  the  Xativity.  and 
afterwards  to  the  noted  Mr.  Charles  Shepard  who  is  still 
living  and  engaged  in  teaching.  At  the  well  known  school 
of  Dr.  Carlos  G.  Smith  he  was  prepared  for  college  soon 
after  the  end  of  the  civil  war.  As  the  University  of  Ala- 
bama was  at  that  time  in  the  hands  of  the  "carpet-bap:gers" 
and  without  students,  he  went  to  the  University  of  Vir- 
ginia, from  which  institution  he  was  graduated  in  1876 
with  the  degrees  of  C.  E.  and  M.  E.  At  the  University 
he  applied  himself  very  closely  to  his  studies  gaining  the 
highest  esteem  of  both  professors  and  students  but  sacri- 
ficing his  health.  On  his  return  home  after  graduation  he 
spent  one  year  on  the  farm  with  a  view  to  restoring  his 
health. 

•  Read  at  the  Philadelphia  meetinfir  of  the  Geological  Society  of  America, 
1904. 
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With  the  strong  recommendation  of  the  faculty  of 
the  University  of  Virginia  he  took  charge  of  a  school  at 
Demopolis,  Ala.,  where  he-  remained  one  year  and  part 
of  another.  In  the  summer  vacation  of  1877  he  came  to 
the  geological  survey  of  Alabama  as  a  volunteer  assistant 
and  traveled  with  the  writer  through  a  part  of  the  War- 
rior coal  field  and  the  valley  of  the  Tennessee.  The  fol- 
lowing year,  1878,  Mr.  McCalley  gave  up  his  school  and 
came  to  the  University  of  Alabama  as  assistant  in  the  de- 
partment of  chemistry,  then  in  charge  of  the  writer  of  these 
lines.  This  position  he  held  until  1883,  at  the  same  time 
also  serving  as  volunteer  assistant  on  the  Geological  Sur- 
vey, for  during  the  first  ten  years  of  the  existence  of  this 
second  survey,  the  annual  appropriation  was  only  $500, 
none  of  which  went  for  salaries. 

During  the  summer  months  of  1879  we  had  charge  of 
a  survey  of  the  Warrior  river  for  the  engineer  office  of  the 
war  department  under  Maj.  Damrell,  the  object  of  which 
survey  was  primarily  to  ascertain  the  nature  and  extent 
of  the  obstructions  to  navigation,  and  to  obtain  estimates 
of  the  cost  of  removing  or  overcoming  the  same,  and 
sociMully  to  collect  statistics  of  the  natural  resources  of 
the  country  lying  adjacent  to  the  river. 

The  Icvolinj^s  and  soundings  along  the  river  were 
iiiado  under  the  direction  of  Mr.  McCalley,  while  the  geo- 
loo^ical  (lata  were  collected  by  Mr.  Joseph  Squire  and  my- 
self. Our  joint  report  was  published  in  a  report  of  pro- 
t^ness  for  iSjc^-So.  Later  in  the  year  Mr.  McCalley  spent 
sonic  time  in  the  I  einiessee  vallev  and  the  results  of  his 
labors  were  j^iven  in  the  same  report  of  progress. 

in  18S3  the  Legislature  made  an  appropriation  for  the 
Geological  Survey  which  made  it  possible  to  employ 
salaried  assistants,  and  Mr.  McCallev  then  received  the 
a|)|)ointnient  as  assistant  state  geologist,  which  position  he 
held  until  his  death,  a  period  of  twenty-one  years. 

His  first  work  in  this  capacity  was  in  the  Warrior 
basin  on  which  his  first  re])ort  was  published  in  1886. 
This  was  the  first  comprehensive  statement  of  the  charac- 
ters and  succession  of  the  coal  seams  of  this  great   field 
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and  it  gave  great  help  to  those  who  were  engaged  in  the 
development  of  the  state. 

Xext  he  took  up  the  study  of  the  plateau  portion  of 
the  Warrior  field  in  northeastern  Alabama,  and  his  report 
on  the  coal  measures  of  this  section  was  published  in  1881. 

His  next  work  was  in  the  Paleozoic  formations  of  the 
Tennessee,  Coosa,  and  other  great  valleys  in  which  occur 
the  limestones,  iron  ores,  and  bauxites  of  the  state  and  the 
results  of  several  years  work  in  this  section  were  pub- 
lished in  1896  and  1897  under  the  title  "The  Valley  Re- 
gions of  Alabama,'*  part  I  being  devoted  to  the  valley  of 
the  Tennessee  and  part  II  to  the  Coosa  and  other  anti- 
clinal valleys,  Cahaba,  Wills',  Jones',  and  Blount  Springs 
valleys. 

The  great  activity  in  coal  mining  during  the  ten 
years  following  the  pubHcation  of  the  report  of  1886  on 
the  AVarrior  basin,  rendered  necessary  a  reexamination, 
and  more  thorough  study  of  the  field,  and  Mr.  McCalley 
spent  much  time  in  going  again  over  the  ground  with  Mr. 
George  N.  Brewer  as  an  assistant,  and  in  1890  api>eared 
his  report  on  the  Warrior  basin,  with  a  large  map. 

Since  1900  his  work  has  been  in  the  region  of  the 
igneous  and  metamorphic  rocks  upon  which  he  was  en- 
gaged at  the  time  of  his  death.  Unfortunately  his  notes 
on  this  region  were  not  written  up  though  quite  full  and 
comprehensive.  This  will  make  it  impossible  to  get  the 
full  benefit  of  his  work. 

In  personal  character  Mr.  McCalley  was  modest  and 
somewhat  retiring  but  no  one  could  be  more  firm  and  de- 
cided than  he  in  the  defense  of  a  friend  and  in  the  defense 
of  his  own  opinions  on  geological  matters  after  he  had 
formed  them  from  his  own  extended  observations.  In 
his  scientific  work  he  was  careful  and  painstaking  to  an 
extraordinary  degree,  and  his  conclusions  were  rarely 
hastily  formed,  and  they  were  in  consequence  generally 
correct.  He  was  one  of  the  most  truthful  of  men  and  he 
could  be  relied  upon  to  do  to  the  best  of  his  ability  whatever 
work  w-as  assigned  to  him.  When  called  upon  to  give  his 
views  he  did  it  with  the  utmost  frankness,  swerving  neither 
to  the  right  nor  the  left  from  the  straight  path  of  truth. 
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In  his  connection  with  the  survey  he  was  several  times 
called  upon  to  expose  frauds;  and  after  he  had  become 
convinced  on  thorough  examination  of  the  facts,  he  left 
those  concerned  in  no  doubt  as  to  his  conclusions  and  con- 
victions. 

He  was  a  consistent  and  active  member  of  the  Episco- 
pal church  and  very  generous  in  his  support  of  it,  respond- 
ing cheerfully  to  all  the  calls  made  upon  his  time  and 
means. 

It  is  said  of  him  that  as  a  child  and  a  young  boy  he 
had  never  receivexl  a  correction  from  either  parent  or 
teacher  and  he  never  neglected  a  task  set  before  him ;  these 
characteristics  followed  him  through  life. 

Mr.  ArcCallev  was  a  member  of  the  American  Asso- 
ciation  for  the  Advancement  of  Science;  fellow  of  the 
Geological  Society  of  .America;  member  of  the  American 
Institute  of  Mining  Engineers;  secretary  of  the  Alabama 
Industrial  and  Scientific  Society,  etc. 

The   following   Bibliography  takes  account  of  all  his  ' 

papers  and  reports  and  it  is  believed  the  greater  part  of  his 

minor  pieces : 
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THE     NEBULAR    AND    PLANETE8IMAL    THEORIES    OF    THE 

EARTH'S  ORIGIN.*, 

By  Wakrbn  Upham,  St.  Paul.  Minn 

Astronomy  and  geology,  chemistry  and  physics,  with 

their  very  useful  arm  or  ally,  spectroscopy,  seek  together 

to  discover  the  origin  and  development  of  the  earth  and 

the  moon,  of  the  sun  and  his  retinue  of  planets,  and  of  the 

starry  universe : 

"In  the  beginning  how  the  heavens  and  earth 
Rose  out  of  chaos." 

While  we  are  assured  that  they  "declare  the  glory  of 
God,"  and  that  "all  things  were  made  by  Him,*'  it  has  also 
been  learned  not  less  surelv  that  He  has  worked  bv  His 
established  physical  and  chemical  laws  in  the  creation  of 
suns  and  worlds.  We  may  partially  discern  the  laws,  or 
methods  of  working,  through  which  the  Creator  has  made 
and  ui)liolds  the  mvriads  of  stars  and  our  relativelv  small 
but  vet  vast  solar  svstem :  but  bevonS  all  that  we  know, 
as,  for  cxam])le,  of  the  laws  of  gravitation,  everywhere  lies 
mystery  which  baffles  our  comprehension.  How  all  mat- 
ter is  intluenccd  by  all  other  matter  and  drawn  toward  it. 
how  the  earth  began  and  came  to  its  present  condition, 
how  the  crystal  or  the  plant  or  the  animal  grows.  **great 
lliinj^s  and  unsearchable,  marvelous  things  without  num- 
ber." proclaim  an  omnipresent  and  omnipotent  Creator  and 
Kuler. 

To  learn  continually  more  and  more  of  His  thoughts, 
as  revealed  in  His  works,  is  the  highest  reward  of  the 
student  of  nature;  and  increased  powers  of  vision,  whether 
with  the  telescope  or  the  microscope,  open  ever  widening 
fields  of  knowledge  and  new  problems  to  be  solved.  In 
every  direction  the  search  for  truth  reaches  no  limit;  and 
in  the  themes  of  this  paper,  although  much  has  been  ascer- 
tained, infinitely   more  remains  for  inquiry. 

The  nebular  hypothesis  or  theory  may  well  be  called 
the  grandest  generalization  in  all  the  range  of  the  natural 
sciences.  As  most  elaborately  stated  by  the  eminent  as- 
tronomer and  mathematician,  Laplace,  in  his  Mechanique 
Celeste     Cpublished  in  five  volumes,  1799-1825),  this  theory 

♦  Presented    before    the    Victoria   Institute,  London,  iklarch  30.  1M5. 
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traces  the  beginning  and  development  of  the  solar  system 
from  an  original  gaseous  nebula,  an  exceedingly  tenuous 
and  intensely  heated  cloud  of  matter,  extending  in  a 
spheroidal  form  beyond  the  orbit  of  Neptune,  the  outer- 
most planet.  By  its  gravitation  and  resulting  contraction, 
the  nebula  is  supposed  to  have  acquired  a  movement  of 
rotation,  with  polar  flattening.  Whenever  the  outer  equa- 
torial belt  of  the  revolving  nebula  attained  a  centrifugal 
force  exceeding  the  attraction  toward  the  central  mass,  a 
part  would  be  left  behind,  either  as  a  relatively  small  re- 
volving nebulous  body,  or  as  a  ring  of  such  matter,  some- 
what like  the  rings  of  Saturn.  Later  the  ring,  if  it  was  at 
first  of  that  form,  would  be  broken;  and  finally  the  de- 
tached mass  would  be  gathered  into  a  globe,  which,  in  its 
condensation,  would  form  satellites  in  the  same  manner 
as  outer  parts  of  the  great  central  mass  formed  the  suc- 
cessive planets. 

Under  this  theory  the  principal  features  of  our  plane- 
tary  system,  implying  unity  of  origin  and  development, 
find  a  consistent  general  explanation.  Prof.  Charles  A. 
Young  has  enumerated  these  features,  which  could  only 
have  originated  by  some  process  of  orderly  evolution,  as 
follows  :* 

1.  The  orbits  of  the  planets  are  all  nearly  circular, 

2.  They  are  all  nearly  in  one  plane  excepting  con- 
siderable divergence  of  some  of  the  little  asteroids. 

3.  The  revolution  of  all  is  in  the  same  direction. 

4.  There  is  a  curiously  regular  progression  of  dis- 
tances  between  the  planetary  orbits. 

5.  There  is  a  roughly  regular  progression  of  density, 
increasing  both  ways  from  Saturn. 

6.  The  plane  of  the  planets'  rotation  nearly  coincides 
with  that  of  the  orbits. 

7.  The  direction  of  the  rotation  is  the  same  as  that 
of  the  orbital  revolution  excepting  probably  the  two  outer- 
most planets. 

8.  The  plane    of   orbital    revolution     of   the     satellites 
is  nearly  coincident  with  that  of  the  planet's  rotation. 


•  Text-Book  of  General  Astronomy,  1898,  p.  615. 
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9.  The  direction  of  the  satellites'  revolution  also 
coincides  with  that  of  the  planet's  rotation. 

10.  The  largest  planets  rotate  most  swiftly. 

That  these  wonderfully  harmonious  relations  of  the 
planets  to  each  other  and  to  the  sun,  and  of  the  satellites 
to  the  planets,  could  have  originated  by  any  fortuitous 
concourse  of  matter,  like  the  visits  of  comets  which  may 
come  from  any  part  of  the  heavens,  is  utterly  improbable. 
There  is  not  one  chance  in  millions  for  the  order  of  the 
solar  system  to  have  come  to  pass  without  a  systematic 
development ;  but  the  sublime  theory  of  Laplace,  in  its 
main  outlines,  with  modifications  as  required  .by  further 
knowledge  of  astronomical  and  physical  laws,  or  some 
other  nebular  theory,  perhaps  the  one  most  fully  reviewed 
in  this  paper,  accounts  for  all  this  majestic  unity  of  the 
Creator's  plan  in  launching  the  earth  and  its  associate 
planets  to  revolve  around  the  enormously  larger  central 
sun. 

Instead  of  an  originally  gaseous  and  very  hot  condi- 
tion of  the  parent  nebula,  as  supposed  by  Laplace,  some 
prominent  English  physicists  and  astronomers  have 
thought  that  in  its  earliest  definable  condition  it  consisted 
of  meteorites,  that  is,  particles  and  little  masses  of  solid 
and  eold  matter.  Sir  Xorman  Lockyer,  reasoning  from 
his  extensive  investigations  in  spectrum  analyses,  states 
this  view  as  follows:*  "Nebulae  are  really  swarms  of 
meteorites  or  meteoritic  dust  in  the  celestial  spaces.  The 
meteorites  are  sparse,  and  the  collisions  among  them  bring 
about  a  rise  of  temperature  sufficient  to  render  luminous 
some  of  their  chief  constituents." 

liesides  the  testimony  of  the  spectroscope  concerning 
the  characters  of  the  nebulae,  we  may  consider  the  rings  of 
Saturn,  which  are  very  thin  but  have  great  area!  extent,  as 
probably  a  strong  evidence  of  the  meteoritic  derivation  of 
the  planets  and  the  sun.  Richard  A.  Proctor,  after  stating 
the  physical  impossibilities  of  the  existence  and  perma- 
nence of  these  unique  rings  as  either  solid  or  liquid  con- 
tinuous  bodies,  -wrote  :^     *The    sole    hypothesis    remains 

•  The     Meteoritic     Hypothesis,    a  Statement  of  the  Results  of  a  Spec- 
troscopic Inquiry  into  the  Orifirin  of  Cosmical  Systems,  18BQ»  p.  SB. 

t  Saturn  and   its  System,   second  edition,  revised.  1881.  p.  IH.^ 
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that  the  rings  are  composed  of  flights  of  disconnected  satel- 
lites, so  small  and  so  closely  packed  that,  at  the  immense 
distance  to  which  Saturn  is  removed,  they  appear  to  form 
a  continuous  mass/'  In  other  words,  the  Saturnian  rings 
are  made  up  of  myriads  of  separately  moving  small  masses, 
which  are  doubtless  similar  to  the  stony  meteorites  that 
fall  rarelv  on  the  earth. 

Again,  the  origin  of  the  hundreds  of  asteroids,  or 
minor  planets,  mostly  no  more  than  a  few  miles  in  diam- 
eter, but  including  several  from  100  to  perhaps  about  300 
miles  in  diameter,  seems  very  readily  explained  under  this 
modification  of  the  nebular  theory. 

Professor  Young  well  says:*  "The  meteoric  theory" 
of  a  nebula  does  not  in  the  least  invalidate,  or  even  to  any 
great  extent  modify,  thfe  reasoning  of  Laplace  in  respegt 
to  the  development  of  suns  and  systems  from  a  gaseous 
nebula.     The  old  hypothesis  has  no  quarrel  with  the  new." 

Another  theory,  which  differs  more  widely  from  that 
of  Laplace,  has  been  very  recently  proposed  by  Prof.  T.  C. 
Chamberlin,  of  the  University  of  Chicago,  who  names  it 
the  Planetesimal  Hypothesis.  His  studies  in  this  direc- 
tion have  been  in  progress  about  five  years,  with  publica- 
tion of  preliminary  papers,^  preparing  the  way  for  the  new 
hypothesis ;  but  its  first  somewhat  detailed  statement  in 
print  has  appeared  since  the  beginning  of  the  present 
year.^  In  this  latest  paper.  Professor  Chamberlin  gives 
the  following  principal  outlines  of  his  researches  for  a  new 
and  more  applicable  nebular  theory,  especially  having  in 
view  its  relation  to  the  origin  of  the  earth. 

Under  the  typical  form  of  the  planetesimal  hypothesis  it  is 
assumed  that  the  parent  nehula  of  the  solar  system  consisted  of 
innumerable  small  bodies,  planetesimals  [infinitesimal  plane- 
toids], revolving  about  a  central  gaseous  mass,  somewhat  as 
do  the  planets  to-day.  The  hypothesis,  therefore,  postulates  no 
fundamental  change  in  the  system  of  dynamics  after  the  nebula 
was  once  formed,  but  only  an  assemblage  of  the  scattered  material. 

•  Text-Book  of  General  Astronomy,   p.  526. 

t  An  Attempt  to  Test  the  Nebular  Hypothesis  by  the  Relations  of 
Masses  and  Momenta,  In  the  Journal  of  Geolopry.  Chicago,  vol.  vill,  pp. 
5.S-73.  Jan. -Feb..  1900.  On  a  Possible  Function  of  Disruptive  Approach 
in  the  Formation  of  Meteorites,  Comets,  and  Nebulae,  Journal  of  Geol- 
o^'.  vol.    ix.  pp.  369-392.  July- August.  1901. 

t  Fundamental  Problems  of  Geology,  in  the  Year  Book  No.  3,  for 
19ru.  of  the  Carnegie  institution  of  Washington,  published  in  January. 
I!ia5.    pp.    196-258. 
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An  inquiry  into  the  possible  modes  by  which  the  planetesimal 
condition  might  arise  revealed  several  possible  methods.  Such 
condition  might  arise  from  a  nebula  that  was  originally  gaseous. 
If.  for  example,  it  be  supposed  that  the  parent  nebula  was  a  gaseous 
spheroid,  and  that  it  detached  material  from  its  equatorial  belt 
molecule  by  molecule,  rather  than  by  rings,  as  postulated  by  La- 
place, these  molecules  would  probably  become  planetesimals  in- 
stead of  members  of  a  true  gaseous  body.  ♦  ♦  ♦  There  is  rea- 
son to  believe  that  this  method  would  really  be  almost  the  only 
systematic  one  by  which  a  gaseous  spheroid  of  the  Laplacian  type 
would  detach  material  from  its  equatorial  belt.     ♦     ♦     ♦ 

*  *  *  To  develop  the  hypothesis  as  definitely  and  concretely 
as  possible,  I  have  further  chosen  a  special  case  from  among  those 
that  might  possibly  arise,  the  case  in  which  the  nebula  is  supposed 
to  have  arisen  from  the  dispersion  of  a  sun  as  a  result  of  close 
approach  to  another  large  body.  The  case  does  not  involve  the 
origin  of  a  star  nor  even  the  primary  origin  of  the  solar  system, 
but  rather  its  rejuvenation  and  the  origin  of  a  new  family  of 
planets.  *  *  *  This  particular  sub-hypothesis  was  selected  for 
first  development  (1)  because  it  postulates  as  simple  an  event  as  it 
seems  possible  to  assign  as  the  source  of  so  great  results,  (2)  be- 
cause that  event  seems  very  likely  to  have  happened,  (3)  because 
the  form  of  the  nebula  supposed  to  arise  in  this  way  is  the  most 
common  form  known,  the  spiral,  and  (4)  because  spectroscopic 
observations  seem  at  present  to  support  the  constitution  assigned 
this  class  of  nebulie.     *     *     * 

*  *  *  Tht;  continuous  spectrum  is  interpreted  to  mean  that 
their  chief  luminous  material  is  in  a  liquid  or  solid  state.  ♦  ♦  ♦ 
As  the  liquid  condition  is  limited  to  a  rather  narrow  range  of 
tenip(M'ature.  and  as  this  range  is  very  different  for  different 
material,  it  is  improbable  that  any  large  portion  of  a  nebula  is  in 
this  state,  and  the  whole  may  be  conveniently  treated  as  though 
it  were  formed  of  solid  matter,  but  matter  in  a  fine  divided  con- 
dition. This  last  qualification  seems  necessary,  for  the  volume 
of  those  nebula?  is  often  very  great,  and  yet  they  appear  to  inter- 
cept but  little  light  and  give  no  signs  of  great  attractive  power. 

The  prevailing  form  of  these  nebulsB  is  the  spiral  as  deter- 
mined by  the  late  Professor  Keeler,  and  this  form  particularly 
characterizes  the  smaller  nebulae  recently  brought  to  knowledge 
by  improved  instruments  and  manipulative  skill.  These  newly 
discovered  nebulfe  are  estimated  to  number  at  least  ten  times  the 
whole  number  previously  known.  From  the  superior  number  of 
spiral  nebulae  it  is  a  safe  inference  that  their  peculiar  forms  repre- 
sent some  prevalent  process  in  celestial  dynamics.  This  is  in 
itself  a  reason  why  research  should  turn  to  them,  by  preference, 
for  the  origin  of  the  present  solar  system.     ♦     ♦     ♦ 

A  notable  and  seemingly  ver>'     significant    feature     of  these 
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nebulae  is  the  preseifte  of  two  dominant  arms  that  arise  from 
diametrically  opposite  sides  of  the  nucleus  and  curve  concentric- 
ally away.  No  single-arm  spiral  of  the  watchspring  type  has  been 
found,  so  far  as  I  am  aware.  There  are  often  more  than  two 
arms  in  the  outer  part,  and  there  is  much  irregularly  dispersed 
matter,  but  even  in  the  more  scattered  forms  the  dominance  of 
two  arms  is  discernible. 

A  second  feature  of  note  is  the  presence  of  numerous  nebulous 
knots  or  partial  concentrations  on  the  arms  and  more  or  less  out- 
side them.  So,  also,  the  more  diffuse  nebulous  matter  is  un- 
equally distributed,  and  in  some  of  the  forms,  regarded  as  young- 
est, dark   spots  and  lines  emphasize  the   irregularity. 

All  these  features  go  to  show  that  these  forms  are  controlled, 
not  by  the  support  of  part  on  part,  as  in  a  continuous  body  or  in 
a  mass  of  gas  or  even  in  a  definite  swarm  of  quasi-gaseous  me- 
teorites, but  by  some  system  of  combined  kinetic  energy  and 
gravity  which  permits  independence  of  parts.  It  is,  therefore, 
conceived  that  the  innumerable  solid  or  liquid  particles  which 
the  continuous  spectrum  implies  revolve  about  the  common  cen- 
ter of  gravity  as  though  they  were  planetoidal  bodies.  If  this 
were  certainly  known  to  be  the  case,  these  might  well  be  called 
planetesimal  nebulae. 

It  is  clear  from  the  tenuity  of  these  nebulae,  as  seen  from 
the  side  of  the  spiral,  that  they  are  disk-like,  and  this  is  directly 
shown  to  be  so  when  they  are  seen  obliquely.  In  their  disk-like 
shape,  these  nebulae  conform  to  the  mode  of  distribution  of  mat- 
ter in  the  solar  system.  Within  the  area  of  their  disks,  also,  the 
distribution  is  irregular,  as  it  is  in  the  solar  system — a  fact  too 
much  overlooked  by  reason  of  our  predilection  for  symmetry,  un- 
der the  influence  of  the   symmetrical   Laplacian  conception. 

All  of  the  more  familiar  spiral  nebulae  have  dimensions  that 
vastly  transcend  those  of  the  solar  system,  and  they  cannot  be 
taken  as  precise  examples  of  the  solar  evolution.  ♦  *  *  It  is 
to  be  hoped,  however,  that  the  present  rapid  progress  in  the  per- 
fection of  instruments  and  of  skill  will  soon  bring  within  the 
reach  of  successful  study  some  of  the  smaller  spiral  nebulae  that 
represent  the  solar  system  more  nearly  in  mass  and  proportions. 

With  this  much  of  knowledge  and  of  limitation  of  knowledge 
relative  to  existing  nebulae,  the  construction  of  a  working  hypo- 
thesis required  not  a  little  resort  to  supplementary  deductive 
and  hypothetical  considerations.  The  inference  that  a  spiral 
nebula  is  formed  by  a  combined  outward  and  rotator>'  movement 
implies  a  pre-existing  body  that  embraced  the  whole  mass.  In 
harmony  with  this,  an  ancestral  solar  system  has  been  postulated 
— a  system  perhaps  in  no  very  essential  respect  different  from 
the  present  one.     ♦     ♦    ♦ 

To   this   conception   of  an   ancestral   sun  with   an   undefined 
antecedant  history  as  a  star,  question  will  arise  at  once  as  to  a 
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sufficiency  of  energy  for  the  sun's  maintenance   through  such  a 
prolonged  history.      ♦      ♦      ♦      This  objection  is  based  on  the  as- 
sumption that  the  sun's  heat  and  light  are  derived   almost  wholly 
from   self-compression,  as     urged     by  Helmholtz.      This  self-com- 
pression has  usually  been  computed  on  the  basis  of  certain  limit- 
ing assumptions,  the  validity  of  which  is  open  to  question.    ♦     ♦    ♦ 
The   extraordinary   energies   displayed   by   radio-active   substances 
are  doubtless  but  an  initial  demonstration  of  immeasurable  ener- 
gies resident  in  other  forms  of  matter  and  in  the  constitution  of 
the  sidereal  system  and  competent  for    its    maintenance   for  unas- 
signable periods.     *     ♦     ♦ 

*  *  *  No  appeal  is  here  made  to  collisions  as  a  source  of 
the  parent  nebula  of  the  solar  system,  but  only  to  an  approach 
of  the  ancestral  sun  to  another  large  body,  and  this  approach  is 
not  assumed  to  have  bee.n  very  close.     ♦     ♦     ♦ 

Our  present  sun  shoots  out  protuberances  to  heights  of  many 
thousands  of  miles,  at  velocities  ranging  up  to  300  miles  per 
second  and  more.  If  it  were  not  for  the  retarding  influence  of  the 
immense  solar  atmosphere,  some  of  these  outshoots  would  doubt- 
less project  portions  of  themselves  to  the  outer  limits  of  the 
present  system,  and  perhaps  in  some  cases  quite  beyond  it,  for 
the  observed  velocities  sometimes  closely  approach  the  controlling 
limit  of  the  sun's  gravity,  if  they  do  not  actually  reach  it.  *  *  ♦ 
If  with  these  potent  forces  thus  nearly  balanced  the  sun  closely 
approaches  another  sun  or  body  of  like  magnitude — suppose  one 
several  times  the  mass  of  the  sun,  since  it  is  regarded  as  a  small 
star  -the  gravity  which  restrains  this  endrmous  elastic  power 
will  be  relieved  along  the  line  of  mutual  attraction^  on  the  prin- 
ciple made  familiar  in  the  tides.  At  the  same  time  the  pressure 
transverse  to  this  line  of  relief  is  increased. .  Such  localized  re- 
lief and  intensification  of  pressure  must,  it  is  believed,  result  in 
l>rotu])erances  of  exceptional  mass  and  high  velocity.  According 
to  the  well-known  tidal  principle,  these  exceptional  protuberances 
would  rise  fiom  opposite  sides,  and  herein  lies  the  assigned  ex- 
planaticm  of  the  prevalence  of  two  diametrically  opposite  arms 
in  the  spiral  nebiilap. 

Nothing  remotely  approaching  a  general  dispersion  of  the 
ancestral  sun  seems  to  be  required.  The  present  planets  and 
their  satellites  altogether  amount  to  about  one  seven-hundredth 
part  of  the  mass  of  the  system  Simply  to  supply  the  required 
planetary  matter,  the  protuberances  need  include  btlt  this  small 
fraction  of  the  ancestral  sun.  However,  some  considerable  part 
of  the  projected  matter  must  probably  have  been  gathered  back 
into  the  sun,  and  some  part  may  possibly  have  been  projected 
beyond  the  control  of  the  system.  Making  allowances  'for  both 
these  factors,  the  i>roportion  of  the  sun's  mass  necessarily  In- 
volved in  the  protuberances  is  still  very  small.  Apparently  1  or 
2  per  cent  of  the  sun's  mass  would  amply  suffice.    ♦     •     • 
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The  distal  portions  of  the  protuberances  would  obviously  be 
formed  from  the  superficial  portions  of  the  sun,  while  the  later  por- 
tions of  the  ejections  forming  the  proximal  parts  of  the  arms 
would  doubtless  come  mainly  from  lower  depths,  and  hence 
probably  contain  more  molecules  of  high  specific  gravity.  In  this 
seems  to  lie  a  better  basis  for  explaining  the  extraordinary  light- 
ness of  the  outer  planets  and  the  high  specific  gravities  of  the 
inner  ones,  than  in  the  separation,  from  the  extreme  equatorial 
surface  of  a  gaseous  spheroid,  of  successive  rings  whose  total 
mass  only  equaled  one  seven-hundredth  part  of  the  original 
nebula. 

It  seems  consistent  with  the  conditions  of  the  case  to  assume 
that  the  protuberances  would  consist  of  a  succession  of  more  or 
less  irregular  outbursts,  as  the  ancestral  sun  in  its  swift  whirl 
around  the  controlling  star  was  more  and.  more  afTected  by  the 
latter's  differential  attraction;  and  hence  the  protuberance& 
would  be  directed  in  somewhat  changing  courses,  and  would  be 
pulsatory  in  character,  resulting  in  rather  irregular  and  some- 
what divided  arms,  and  in  a  knotty  distribution  of  the  ejected 
matter  along  the  arms.  These  knots  must  probably  be  more  or 
less  rotatory  from  inequalities  of  projection. 

It  is  thus  conceived  that  a  spiral  nebula,  having  two  domi- 
nant arms,  opposite  one  another,  each  knotty  from  irregular  pul- 
sations, and    rotatory,  the    knots     probably  also  rotatory,  and  at- 
tended by  subordinate  knots  and  whirls,  together  with  a  general 
scattering  of  the  larger  part  of  the  mass  in  irregular  nebulous  form,, 
would  arise  from  the  simple  event  of  a  disruptive  approach.  *  *  * 

The  problem  of  the  luminescence  of  nebulae  is  confessedly 
a  puzzling  one.  There  is  little  ground  for  assigning  general  in- 
candescence to  matter  so  obviously  scattered  and  tenuous  and 
possessed  of  such  an  enormous  radiating  surface.  The  assign- 
ment of  the  light  to  the  collision  of  meteorites,  as  done  by 
Lockyer,  encounters  both  dynamic  and  spectroscopic  difficulties. 
The  recent  discoveries  of  the  luminescent  properties  of  radio- 
active matter  and  of  Its  power  to  awaken  luminescence  in  other 
matter  offers  some  hope  of  a  solution.    ♦    ♦     * 

The  solution  of  the  problem  may,  however,  lie  along  electrical 
lines.  At  present  it  seems  more  probable  that  the  luminescence 
arises  from  some  agency  that  acts  at  low  temperatures,  than  that 
it  is  dependent  on  heat,  and  hence  objections  to  a  planetesima! 
organization  on  the  ground  of  low  temperature  do  not  seem  to  me 
to  have  much  force.    ♦    ♦    ♦ 

In  attempting  to  follow  the  probable  evolution  of  such  a  spiral 
nebula,  three  elements  stand  out  conspicuously:  (1)  The  central 
mass,  obviously  to  become  the  sun;  (2)  the  knots  on  the  arms 
that  are  assumed  to  be  the  nuclei  of  the  future  planets  and  per- 
haps satellites;  and  (3)  the  diffuse  nebulous  matter  to  be  added 
to  the  nuclei  as  material  of  growth.    In  the  particular  case  of  the 
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solar  nebula  it  is  assumed   (1)    that  the    central    mass    was  rela- 
tively very  great;    (2)  that  the  knots  were  very  irregular  in  size 
and  placed  at  irregular  distances  from  the  center;   and   (3)  that 
the  nebulous  portion  was  very  small  relative  to  the  central  mass 
and  probably  large  relative  to  the  knots. 

*  *  ♦  Since  all  the  planetesimals  and  planetary  nuclei 
were  revolving  in  the  same  direction  about  the  solar  mass,  the 
collisions  were  all  overtakes,  and  could  have  been  violent  only 
to  the  extent  of  their  differences  of  orbital  velocity,  modified  by 
their  mutual  attractions.  These  velocities  are  of  a  much  lower 
order  than  the  average  velocities  of  meteorltlc  collisions.  Many 
of  the  overtakes  would  obviously  be  due  to  differences  of  veloc- 
ity barely  sufficient  to  bring  about  an  overtake.  When  the  rela- 
tive mildness  of  impact  is  considered  in  connection  with  the  in- 
tervals between  impacts  at  a  given  spot,  the  conviction  can 
scarcely  be  avoided  that  the  surface  temperature  would  not  neces- 
sarily have  been  high.  It  seems  probable  that  it  would 
have  been  moderate  throughout  most  of  the  period  of  aggrega- 
tion, and  cortainly  so  in  the  declining  stages  of  infall.       ♦       ♦      • 

By  graphical  inspection  of  all  probable  cases,  it  may  be  seen 
that  the  possibilities  of  overtake  favorable  to  forward  rotation 
exceed  those  favorable  to  retrograde  rotation.  This  holds  true 
on  the  assumption  of  an  equable  distribution  of  planetesimals, 
which  may  fairly  be  assumed  as  an  average  fact,  but  not  neces- 
sarily as  always  the  fact;  and  hence  the  conclusion  is  not  rigor- 
ous, and  a  backward  rotation  is  not  impossible.  From  the  nature 
of  the  case,  a  varying  rotation  for  the  several  planets  is  more 
probable  than  a  nearly  uniform  one. 

It  is  also  obvious  that  the  impacts  on  the  right  and  left  sides 
of  a  growing  nucleus,  as  well  as  those  on  the  outer  and  inner 
sides,  might  be  unequal,  and  hence  obliquity  of  rotation  of  vary- 
injr  kinds  and  degrees  might  arise.  As  the  solar  system  presents 
these  variaticns.  the  method  of  accretion  here  postulated  seems 
to  lend  it  sell   happily  to  the  requirements  of  the  case. 

*  ♦  *  A  planetary  nucleus  gathers  planetesimals  that  have 
orbits  both  larger  and  smaller  than  itself,  and  hence  in  effect  it 
sweeps  a  si)ace  both  outside  and  inside  Its  own  zone.  The 
breadth  of  this  space  is  dependent  on  the  eccentricity  of  Its  own 
orbit  and  on  the  eccentricities  of  the  orbits  of  the  planetesimals 
it  gathers  in  on  either  hand. 

*  *  *  For  the  large  planets  that  have  dominated  their  col- 
lecting zones  and  presumably  swept  them  thoroughly,  the  reduc- 
tions of  eccentricity  are  subequal.  For  the  very  small  bodies  that 
presumably  grew  but  little,  the  eccentricities  remain  large,  for 
the  greater  part.  For  example,  the  eccentricity  of  Mercury,  the 
smallest  of  the  planets,  remains  more  than  twice  that  of  any 
other  planet.  Mars,  the  next  smallest  in  size,  comes  next  in  eo- 
centricity  among  the  planets,  while  the  asteroids,  which  probably 


Theories  oi  the  Earth* s  Origin — Upbam,  211 

grew  but  little,  have  high  eccentricities,  as  a  rule.    ♦    ♦     ♦ 

To  bring  out  the  geological  bearings  of  the  planetesimal 
hypothesis,  I  have  given  considerable  time  to  a  study  of  the  prob- 
able stages  of  growth  of  the  early  earth,  of  the  time  and  mode 
of  introduction  of  the  atmosphere  and  hydrosphere,  and  of  the 
initiation  of  the  great  topographic  features,  together  with  the 
leading  modern  processes.     ♦     ♦     ♦ 

Following  the  postulates  of  the  previous  sketch,  a  nebular 
knot  is  assumed  to  have  been  the  nucleus  of  the  growing  earth. 
*  *  *  Assuming'  that  the  nuclear  mass  was  quite  small,  it  is 
inferred  that  it  was  composed  chiefly  of  matter  of  high  molecular 
weight,  since  light  molecules  would  be  liable  to  escape  because 
of  their  velocities.  The  nucleus  is  supposed  to  have  been  origin- 
ally an  assemblage  of  planetesimals  grouped  together  by  their 
mutual  gravity,  and  to  have  passed  gradually  into  a  solid  mass 
in  connection  with  the  capture  of  outside  planetesimals.    ♦     ♦     • 

As  the  solid  nucleus  thus  formed  may  not  have  been  massive 
enough  to  control  a  gaseous  envelope  in  its  earlier  stages,  a 
possible  atmosphereless  stage  is  to  be  recognized.  Just  how 
massive  a  planetary  body  must  be  to  hold  permanently  an  appre- 
ciable atmosphere  is  not  accurately  computable  at  present,  be- 
cause of  the  uncertain  value  of  some  of  the  factors  involved.  A 
fairly  safe  conclusion  may  perhaps  be  drawn  from  known  celestial 
bodies.  The  moon  *  *  *  has  no  detectable  atmosphere,  nor 
has  any  smaller  body,  whether  satellite  or  asteroid,  so  far  as 
known.  Mars  ♦  ♦  •  has  an  appreciable,  but  apparently  quite 
limited,  atmosphere.  The  limit  between  atmosphereless  and 
atmosphere-bearing  bodies  probably  lies  between  the  twj— j.  e., 
roundly  between  one-eightieth  and  one.tenth  of  the  earth's 
mass.     •     ♦    ♦ 

When  the  growing  ejirth  reached  a  mass  sufficient  to  control 
the  flying  molecules  of  atmospheric  material,  there  were  two 
sources  from  which  these  could  be  supplied  for  the  accumulation 
of  an  atmosphere,  an  external  and  an  internal  one.     ♦     ♦     ♦ 

In  the  later  stages  of  organization,  and  thence  down  to  th^ 
present  time,  the  molecules  discharged  from  all  the  bodies  of  the 
solar  system  were  possible  sources  of  atmospheric  accretion.  Of 
these  the  most  important  were  probably  volcanic  and  similar  dis- 
charges from  the  small  bodies  that  could  not  hold  gases  perma- 
nently and  discharges  from  the  sun  by  virtue  of  the  enormous 
explosive  and  radiant  energies  that  are  there  resident. 

As  the  planetesimals  were  gathered  into  the  growing  earth- 
nucleus  they  carried  their  occluded  gases  In  with  them,  except 
as  the  superficial  portion  might  be  set  free  by  the  heat  of  impact. 
There  was  thus  built  into  the  growing  earth  atmospheric  mate- 
rial.    ♦     ♦     ♦ 

The  gases  chiefly  occluded  in  meteorites  and  the  crystalline 
rocks   are   hydrogen,   carbon    dioxide,   and    carbon    monoxide   in 
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leading  amounts,  and  marsh-gas  and  nitrogen  in  small  quantities. 
It  is  assumed  that  the  gases  of  the  aggregated  planetesimals,  and 
hence  those  of  the  interior  of  the  early  earth,  were  of  the  same 
order  of  abundance.     ♦     ♦     • 

In  determining  the  actual  proportions  of  the  constituents  of 
the  early  atmosphere,  the  abundance  of  the  supply  was  probably 
less  decisive  than  the  power  of  the  earth  to  hold  the  indiVldual 
gases.  As  gravity  gradually  increased  by  the  growth  of  the 
earth  from  an  incompetent  minimum,  its  power  to  control  the 
heaviest  molecules  with  the  lowest  velocities  was  acquired  before 
its  ability  to  hold  the  lighter  ones  of  higher  velocities.     ♦     ♦     • 

Carbon  dioxide  would  be  held  some  appreciable  time  before 
oxygen,  and  still  longer  before  nitrogen,  and  all  these  a  notable 
time  before  the  vapor  of  water.  The  inference  is  that  the  initial 
atmosphere  was  very  rich  in  carbon  dioxide,  for  an  abundant  sup- 
ply was  correlated   with  a  superior  power  of  retention. 

The  amount  of  oxygen  in  the  early  atmosphere  is  more  un- 
certain from  doubt  as  tg  a  competent'  source  of  supply.  ♦  *  • 
For  the  primitive  atmosphere  there  is  theoretical  need  for  only 
enough  oxygen  to  support  the  primitive  plant  life  until  it  could 
supply    itself,   after   which   it   would    produce   a   surplus.     ♦     •     • 

After  the  earth  acquired  the  power  of  holding  water-vaiH)r, 
the  supi)ly  being  abundant,  accession  doubtless  went  on  for  a 
time  as  fast  as  the  capacity  to  hold  increased. 

The  problem  of  vulcanism  assumes  a  quite  new  aspect  under 
the  planctesimal  hyi)othesis.  if  very  slow  accretion  without  verj* 
high  temperature  be  assumed.  It  has  been  taken  for  granted  In 
the  preceding  statement  that  there  was  volcanic  action.  It  Is 
necessary,  therefore,  to  consider  how  volcanic  action  may  have 
arisen,  and  this' involves  the  more  radical  question  how  the  high 
internal  temperatures  of  the  earth  may  have  arisen  if  the  earth 
did  not  inherit  its  heat  from  a  molten  condition  arising  from  a 
gaseous  origin.     *     *     * 

The  chief  source  of  internal  heat  is  assigned  to  the  pro- 
gressive condensation  of  the  growing  body  as  material  was  added 
to  its  surface.  The  amount  of  this  condensational  heat  for  the 
full-grown  earth,  computed  on  the  best  data  now  available,  seems 
to  be  ample  to  meet  all  the  requirements  of  the  known  geologic 
ages.  *  *  *  That  heat  arising  from  condensation  soMy  would 
reach  the  melting  temperature  of  rock  in  a  body  one-twentieth  of 
the  earth's  mass  seems  more  or  less  doubtful,  but  In  a  body  one- 
tenth  of  the  earth's  mass  the  required  conditions  would  probably 
be  reached.     *     *     * 

Pressure  itself  is  probably  incompetent  to  melt  rock  sub- 
stances that  shrink  in  solidifying,  but  the  high  temperatures  gien. 
erated  by  pressure  in  the  deep  interior  were  constantly  moTlnir 
outward  into  horizons  of  lower  pressures,  where  the  melting- 
points  were  lower.    As  the  computed  temperature  at  tlie  center 


Theories  of  the  Earth* s  Origin-'Upham,  21  j 

of  the  adult  earth  is  about  20,(K)0°  C,  there  would  seem  to  he  no 
lack  of  heat,  in  the  later  stages  at  least.  The  essence  of  the 
problem  lies  in  its  redistribution  and  in  its  selective  action. 

The  material  of  the  interior  was  originally,  by  hypothesis,  an 
intimate  mixture  of  planetesimals  of  various  kinds,  with  such 
gaseous  material  as  they  carried  in  or  entrapped  in  the  procesa 
of  growth.  •  ♦  ♦  The  outward  flow  of  heat  in  such  a  mixture 
must  bring  some  parts  to  fusibility  much  before  the  melting- 
points  of  other  parts  were  reached.  Local  spots  of  fusion  must 
thus  arise.  To  this  fusion  the  entrapped  and  occluded  gases  may 
be  presumed  to  have  contributed  and  to  have  joined  themselves 
to  the  fused  masses,  and  to  have  aided  in  giving  them  fluid- 
ity.    ♦     ♦    ♦ 

It  is  not  necessary  to  the  hypothesis  to  suppose  that  volcanic 
action  was  an  essential  preliminary  to  the  acquisition  of  an  at- 
mosphere, nor  that  it  came  into  function  before  the  earth  acquired 
an  atmosphere,  for  the  initial  atmosphere  may  have  been  sup. 
plied  from  external  sources.  The  apparent  vigor  and  the  wide 
prevalence  of  volcanic  action  on  the  moon,  if  its  pitted  surface 
means  vulcanism,  as  well  as  the  glassy  material  found  in  meteor- 
ites, whose  origin  is  referred  preferably  to  small  atmosphereless 
bodies,  favors  the  view  that  the  internal  gases  were  given  forth 
abundantly  before  the  earth  grew  to  a  mass  sufficient  to  hold 
them.  If  this  were  true,  an  ample  source  of  atmospheric  supply 
was  ready  and  waiting  when  the  earth  first  acquired  sufficient 
gravity  to  clothe  itself  with  a  gaseous  envelope. 

When  the  increasing  water-vapor  of  the  growing  atmosphere 
reached  the  point  of  saturation,  it  is  of  course  assumed  to  have 
taken  the  liquid  form  and  became  a  contribution  to  the  hydro- 
sphere     ♦     ♦     ♦ 

If  it  be  assumed  that  the  earth's  growing  hydrosphere  ap- 
peared at  the  surface  when  our  planet  had  attained  the  mass  of 
Mars,  whose  radius  is  about  2,100  miles,  the  subsequent  growth 
would  form  a  shell  about  1,900  miles  thick.  It  is  not  altogether 
certain  that  Mars  bears  water  bodies  on  its  surface;  but  the  areas 
of  greenish  shade  environed  by  a  surface  generally  ruddy,  the 
polar  white  caps  ("snow  caps")  that  come  and  go  with  the  sea- 
sons, and  the  apparent  occasional  presence  of  clouds,  not  to  appeal 
to  the  evidence  of  aqueous  absorption  lines  in  the  spectrum  re- 
ported by  some  good  observers,  but  unconfirmed  by  others,  lend 
some  support  to  the  opinion  that  water  is  present,  though  perhaps 
not  in  the  form  of  definite  water  bodies.    ♦    ♦    ♦ 

Without  attempting  to  fix  the  precise  stage,  it  is  not  un- 
reasonable to  assume  that  surface  i^aters  had  begun  their  accu- 
mulation upon  the  earth's  exterior  while  yet  it  lay  1,500  to  1,800 
miles  below  the  present  surface.  The  present  difference  between 
the  radii  of  the  oceanic  basins  and  the  radii  of  the  continental 
platforms  is  scarcely  3  miles,  on  the  average;  so  that  if  the  con- 
tinental segments  be  assumed  to  be  in  approximate  hydrostatic 
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equilibrium  with  the  oceanic  segments  to-day,  as  seems  highly 
probable,  the  selective  weathering  process  brought  about  a  differ- 
ence in  depression  of  only  1  mile  in  500  or  600  miles,  or  about 
one-fifth  of  1  per  cent.    ♦    ♦    ♦ 

Not  only  is  the  evolution  of  the  great  abysmal  basins  and  of 
the  continental  platforms  thus  assigned  to  a  very  simple  and  ine- 
vitable process,  but  there  is  therein  laid  the  foundation  for  sub- 
sequent deformation  of  the  abysmal  and  continental  type. 

*    *    ♦    A    theoretical   scantiness   of   time   for   a   prolonged 
evolution  previous  to  the  Cambrian  period  has  been  deduced  from 
a  molten  earth,  but  this  docs  not  apply  to  the  planetesimal  hypo- 
thesis.   The  supposed  limitation  of  the  sun's  thermal  endurance 
would  apply  if  the  arguments  could  be  trusted,  but  their  founda- 
tion has  been  cut  away  by  recent  discoveries.    It  is  not  the  least 
of  the  virtues  of   the  planetesimal  hypothesis  that  it   opens  the 
way  to  a  study  of  the  problem  of  the  genesis  and  early  evolution 
of  life  free  from  the  duress  of  excessive  time  limits  and  of  other 
theoretical  hamperings.  and  leaves  the  solution  to  be  sought  untram- 
mel(Hl,  except  by  the  conditions  inherent  in  the  problem  itself,  w]^ich 
are  surely  grave  enough. 

It  is  assumed  that  the  conditions  on  which  life  is  now  de- 
pendent were  prerequisites  to  its  introduction.  As  already  indi- 
cated, an  atmosphere  and  hydrosphere  sufficient  to  sustain  life 
may  have  been  acquired  when  the  earth  was  about  the  size  of 
Mars,  or  one-tenth  grown.  If,  to  be  conservative,  a  preliminary 
growth  of  twice  this  amount  be  allowed,  there  still  remains  be- 
tween this  and  the  Cambrian  record  the  growth  of  four-fifths  of 
the  mass  of  the  earth.  So  far,  therefore,  as  atmosphere  and 
hydiosphere  are  concerned,  life  may  have  been  introduced  earlj* 
in  the  history  of  the  earth,  and  may  have  had  a  vast  interval 
for  (i<'V(  lopinent  previous  to  the  earliest  legible  record.  There  is 
anoih<'r  tsscntial  condition — a  sufficiency,  but  not  an  excess,  of 
heat  and  li^lit.  If  th(»  formation  of  the  parent  nebula  involved 
only  the  out  shooting  of  a  small  fraction  of  the  ancestral  sun,  the 
solar  supply  of  h(  at  and  light  may  not  have  been  so  seriously 
disiu'hcd  as  to  have  fiitally  affected  its  availability  to  furnish  what 
was  necrssary  for  lif«^  at  any  stage  of  the  earth's  growth.  ♦  •  ♦ 
*  *  *  'rh(»re  is  little  cround  for  apprehension  that  the  in- 
falling  i)lanett  siinals  would  be  seriously  dangerous  to  the  early 
foinis  of  life,  for  in  the  first  place  the  atmosphere  must  have 
1)^M  n  then,  as  now.  an  rffcctive  cushion,  checking  the  speed  of 
th«>  planetesinials  and  ])artially  di.ssii)ating  them,  and,  in  the  second 
])lace,  the  early  organisms  were  probably  all  aquatic  and  were 
further   i)roterted    by   their    w^ater   covering,     ♦     ♦     ♦ 

So  soon  as  plants  and  animals  had  come  into  action,  all  the 
great  factors  potential  In  the  earth's  physical  evolution  were  in 
play. 

By  hypothesis,  volcanic  action  only  began  some  time  after 
the  beginning  of  the  earth's  growth,  for  it  was  delayed  (1)  by  tJae 
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lack  of  sufficient  compression  in  the  central  parts  to  give  the 
requisite  heat,  and  (2)  hy  the  time  required  for  this  central  heat 
to  move  out  to  zones  of  less  pressure,  where  it  would  suffice  to 
melt  the  more  fusihle  constituents.  But,  once  begun,  it  is  sup. 
posed  to  have  gradually  increased  in  actual  ttnd  in  relative  im- 
portance until  it  reached  its  climax.  This  obviously  came  much 
later  than  the  climax  of  growth,  for  it  was  dependent  on  the 
growth  to  give  the  increased  compression  from  which  arose  the- 
central  heat  on  which  the  vulcanism  depended.    ♦     ♦    ♦ 

The  formations  of  this  period  of  volcanic  dominance,  with 
very  subordinate  clastic  accompaniment,  are  regarded  as  consti- 
tuting the  Archean  complex,  though  perhaps  only  the  later  por- 
tions of  the  great  volcanic  series  are  represented  by  the  known 
Archean. 

To  give  a  satisfactory  statement  of  Professor  Cham- 
berlin's  exceedingly  interesting  and  elaborate  theory  has 
thus  required  very  large  quotation  from  his  recent  publica- 
tion of  it.  Only  by  such  direct  presentation  of  his  work  in 
his  own  words  could  justice  be  done  to  this  new  nebular 
theory,  to  which  this  eminent  glacialist  was  primarily  led 
by  his  endeavors  to  explain  the  causes  of  the  Ice  Age, 
an  I  of  its  several  waxing  and  waning  stages,  by  periodic 
changes  in  the  content  of  carbon  dioxide  in  the  atmosphere. 
Having  been  an  assistant  under  his  direction  on  the  United 
States  Geological  Survey  during  seven  years  in  my  work 
on  the  Glacial  Lake  Agassiz,  it  is  with  great  pleasure  and 
pride  that  I  can  claim  for  him  and  for  America  the  dis- 
tinguished honor  of  having  developed  this  great  theory  of 
the  origin  of  the  earth.  It  will  certainly  introduce  into 
geology  and  geophvsics  many  new  and  fruitful  methods 
of  observation  and  research.  Indeed,  nearly  all  the  great 
fields  of  theoretical  geology  now  require  renewed  investi- 
gation, by  which  the  planetesimal  hypothesis  shall  be 
tested. 

An  earlier  address  by  Professor  Chamberlin,  partially 
setting  forth  his  studies  in  this  direction,  was  given  before 
the  Geological  Society  of  America,  at  its  fifteenth  annual 
meeting,  in  Washington,  D.  C,  on  January  i,  1903,  entitled 
"Origin  of  Ocean  Basins  on  the  Planetesimal  Hypothesis ;" 
but  only  a  very  brief  abstract  or  note  of  this  address  was 
published.* 

•  Bulletin,  Oeol.  Soc.  America,  vol.  xiv,  p.  548,   March,  1904;  and    Am- 
(>BOLoi:i0T,  VOL  xxxil,  p.  14,  July,  1908. 
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From  the  oral  statements  in  this  and  other  unpublish- 
ed addresses,  Prof.  Herman  L.  Fairchild,  secretary  of  the 
Geological  Society  of  America,  presented  on  January  i, 
1904,  at  the  sixteeiith  annual  meeting  of  that  society,  an 
able  discussion  of  the  geologic  bearings  of  th6  new  hypo- 
thesis.* 

The  recent  detailed  publication  of  it,  in  Year  Book 
No.  3  of  the  Carnegie  Institution,  from  which  I  have  so 
largely  quoted,  has  no  diagrams  or  other  graphic  illustra- 
tions ;  but  such  desirable  aids  for  the  more  definite  develop- 
ment of  the  subject,  with  ample  treatment  of  its  relations 
to  geology,  are  intended  to  be  published  soon,  in  the  second 
volume  of  a  geological  text-book  by  Professors  T.  C. 
Chamberlin  and  R.  D.  Salisbury,  whose  first  volume  of 
this  work  was  issued  early  last  year."*^ 

Chamberlin  has  contributed  greatly  to  the  establish- 
ment of  an  acceptable  nebular  theory,  consistent  with  the 
known  relations  of  the  planets,  their  satellites,  and  the 
sun,  by  his  derivation  of  the  solar  system  from  a  spiral 
nebula,  and  ])y  his  indicating  the  probable  mode  of  origin 
of  such  ne])ulae,  which  abound  by  tens  of  thousands 
throughout  the  starry  heavens,  as  discovered  by  the  most 
powerful  telescopes. 

]>oth  the  meteoritic  hypothesis  of  Lockyer  and  the 
planctesimal  liypothesis  of  Chamberlin  seem  to  me  prob- 
ably true  in  their  regarding  the  nebulous  matter  from 
which  ])lanets  and  suns  are  made  as  having  become  mostly 
solid,  thougli  finely  divided,  and  as  very  cold,  being  in 
almost  absolutely  cold  and  immensely  extended  space, 
previous  to  the  condensation  and  segregation  which  form- 
ed  it  into  worlds  and  stars. 

During  the  accunuilation  of  the  planets  and  their 
satellites,  much  or  perhaps  nearly  all  of  the  nebulous 
matter  forming  them  had  remained,  until  thus  gathered 
as  great  bodies,  apparently  in  solid  and  cold  molecules  or 
in  small  masses  brought  together  by  their  gravitative  at- 

*  Geology  under  the  Planetesimal  Hypothesis  of  Barth-Oriffin*.  Bulle- 
tin.  G.  S.  A.,  vol.  XV,  pp.  243-266,  published  June  SS.  1904;  and  Am- 
Obol'^uiot.  vol.  xxxiii.  pp.  94-U6.  Feb.,  1904. 

i  G«M>l(»Ky.  In  Two  Volumes.  Vol.  1.  Oeoloffio  Prooeaaee  and  their 
Results.     Now  York,  Henry  Holt  and  Co.,  1904.     Pages  xlx.  664. 
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tractron,  as  seems  reliably  evidenced  by  the  rings  of  Saturn 
and  by  the  many  little  asteroids. 

Coming  to  the  question  whether  the  accumulation  of 
so  large  a  body  as  the  earth  took  place  without  its  becom- 
ing intensely  hot  and  molten,  somewhat  like  the  sun,  we 
have  first  the  observations  and  theories  of  geology  to  aid 
in  giving  an  answer,  and  these  may  be  advantageously 
supplemented  by  the  physiographic  features  of  our  satel- 
lite, the  moon.  It  has  been  long  held  by  geologists  that 
the  downward  increase  of  heat  in  the  earth's  crust,  present 
volcanoes,  the  widely  distributed  evidences  of  ancient  vol- 
canic action,  and  thermal  metamorphism  of  great  rock 
formations,  indicate  an  internal  temperature  which  must 
fuse  any  known  rocks,  unless  they  are  prevented  from  this 
by  overlying  pressure.  The  new  hypothesis  of  Chamber- 
lin  accounts  for  vulcanism,  and  for  all  that  we  know  of  the 
earth's  internal  heat,  fully  as  well  as  the  Laplacian  hypo- 
thesis of  condensation  of  an  intensely  hot  gaseous  nebula, 
while  it  better  accords  with  the  physical  and  dynamic  rela- 
tions of  the  planets  and  sun. 

If  our  inquiry  be  turned  to  the  moon,  we  see  a  most 
wonderful  record,  as  it  is  generally  regarded,  of  extinct 
volcanic  action,  implying  a  formerly  very  hot  and  probably 
almost  wholly  molten  state  of  that  globe,  which  has  a  little 
more  than  one-fourth  the  diameter  of  the  earth.  These 
two  companion  globes  were  doubtless  accumulated  simi- 
larly. The  moon,  after  acquiring  its  present  size,  had 
multitudes  of  volcanoes  which  left  round  craters,  or  parts 
of  their  crater  rims,  of  varying  dimensions  from  those  at 
the  limit  of  telescopic  vision  up  to  one  with  a  diameter  of 
about  800  miles,  or  nearlv  four-fifths  of  the  moon's  radius. 
So  great  a  lake  or  sea  of  molten  rock,  similar  to  the  cal- 
deras  of  the  Hawaiian  volcanoes,  but  of  vastly  larger  area, 
whose  crater  rim  is  partially  preserved  in  the  lunar  Car- 
pathian-Apennine-Caucasus  cham  (f  mountains,  could 
only  exist  when  much  of  the  interior  of  the  moon  was 
melted.  It  seems  possible  and  indeed  probable,  therefore, 
that  the  earth,  whether  formed  as  supposed  by  the  old  or 
the  new  nebular  hypothesis,  was  nearly  or  quite  all  melted 
during  a  considerable  part  of  the  time  of  its  accumulation. 
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The  planets  undoubtedly  tended  in  some  degree  toward 
the  same  intensely  hot  condition  which  is  reached  by  the 
sun  and  stars  in  the  concentration  of  originally  nebulous 
matter. 

But  another  explanation  of  the  origin  of  the  very 
abundant  small  and  large  crateriform  features  of  the  moon 
has  been  advocated  by  G.  K.  Gilbert,  of  the  United  States 
Geological  Survey.  Ill  is  very  remarkable  and  ingenious 
explanation  seems  largely  identical  with  the  later  plane- 
tcsimal  hypothesis  of  Chamberlin,  so  fc^r  as  that  hypothesis 
deals  with  the  segregation  of  the  originally  nebulous  mat- 
ter to  form  i)lanets  and  satellites.     Mr.  Gilbert  writes:* 

*  *  *  It  is  my  hypothesis  that  before  our  moon  came  Into 
existence  the  earth  was  surrounded  by  a  ring  similar  to  the 
Saturnian  ring;  that  the  small  bodies  constituting  this  ring  after- 
ward gradually  coalesced,  gathering  first  around  a  large  number 
of  nuclei,  and  finally  all  uniting  in  a  single  sphere,  the  moon.  Un- 
der this  hypothesis  the  lunar  craters  are  the  scars  produced  by 
the  collision  of  those  minor  aggregations,  or  moonlets,  which  last 
surrendered   their  individuality. 

*  *  *  The  introduction  of  the  hypothesis  of  a  Saturnian 
ring  thus  accomplishes  much  toward  the  reconciliation  of  the  im- 
pact theory  with  the  circular  outline  of  the  lunar  craters.     ♦     ♦     ♦ 

In  fine,  the  hypothesis  of  the  Saturnian  ring,  by  restricting 
the  colliding  bodies  to  a  single  plane,  by  substituting  a  low  ini- 
tial velocity  and  thus  rendering  the  moon's  attraction  the  domi- 
nant infiuence.  and  by  introducing  a  system  of  directions  con- 
trolling, and  therefore  adjusted  to,  the  moon's  rotation,  relieves 
the  nu'teoric  theory  of  its  most  formidable  difficulty.  It  also  ex- 
plains in  a  simple  way  the  abundance  of  colliding  bodies  of  a 
different  order  of  magnitude  from  ordinary  meteorites  and  aero- 
lites.    *     *     * 

The  velocity  of  impact,  depending  chiefly  on  the  moon's  at- 
traction,  must  be   supposed   to  have   increased  gradually  as  the 


♦  The  Moon'.s  Fare,  a  Study  of  the  Origin  of  its  Features,  Address  as 
H^'tirinR:  Prosident,  delivered  December  10,  1892,  Bulletin  of  the  Phn«>so- 
phical  Society  of  Wasiiington.  D.  C,  vol.  xii,  pp.  241-292,  with  one  plate 
and    14   fipiires    in    the    text;    published    April,    1898. 

ReferrinK  to  early  suKpestions  of  meteoric  accumulation  of  the  moon, 
and  of  other  cosinir  bodie.M,  Mr.  Gilbert  said  In  this  paper  (1892):  "I  have 
di.«?o()v«'red  no  published  .statement  of  meteoric  theories  more  than  twenty 
year.s  old.  but  the  idea  i.s  older  and  various  obscure  allusions  indicate 
that  it  was  earlier  In  print.  Proctor  makes  a  meteoric  suggestion  in  1871 
^The  Moon,  p.  340),  and  advocates  it  in  1878  (Belgravia,  vol.  3G.  p.  ISS). 
A  meteoric  theory  i.**  .«»ai<i  to  be  contain*  d  in  Die  PhysiogncmU  des  M^mdes 
by  'Asterios.'  NordlinRcn.  1S79.  A.  >Ieydenbauer  advances  another  in 
SiriUH.    for   February.    1882." 

With  these  publications,  compare  The  Meteorltic  Hypothesis.  1880.  by 
Liockyer.  before  cited,  and  a  most  Important  paper  by  Prof.  Oeorge  H. 
Darwin.  "On  the  Mechanical  Conditions  of  Swarms  of  Meteorites  and 
on  Theories  of  Cosmogony,"   Phil.   Trans.   Royal  Society,  1S88. 
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moon  grew.  In  the  closing  stages  of  the  process  it  did  not  vary 
greatly  on  either  side  of  one  and  one-half  miles  per  second,  and 
the  phenomena  of  the  present  surface  may  be  discussed  on  the 
basis  of  that  velocity.  The  energy  due  to  that  velocity  would 
more  than  suffice  *  ♦  ♦  to  melt  the  moonlet  if  it  were  com- 
posed of  ordinary  volcanic  rock  and  provided  all  of  the  energy 
were  applied  to  the  heating  of  the  moonlet  Practically  only  a 
portion  of  it  was  thus  applied;  another  portion  produced  heat  in 
the  contiguous  tract  of  the  moon's  material;  yet  another  was 
consumed  in  the  deformation  of  moonlet  and  moon  resulting  in 
the  crater,  and  another  resulted  in  modifications  of  the  moon's 
motions,  changing  its  orbit,  its  orbital  velocity,  its  axis,  and  its 
rotational  velocity.  The  energy  converted  into  heat  might  be 
regarded  as  the  remainder  after  deducting  all  other  effects,  and 
the  resulting  temperatures  would  be  further  conditioned  by  the 
distribution  of  heat  in  the  colliding  masses. 

Since  the  area  of  the  moon's  surface  directly  struck  by  the 
moonlet  is  a  function  of  the  square  of  the  diameter  of  the  moon- 
let, while  the  energy  applied  to  that  area,  being  measured  by  the 
mass  of  the  moonlet,  is  a  function  of  the  cube  of  its  diameter, 
more  energy  would  be  applied  to  a  unit  of  space  in  the  case  of 
large  moonlets  than  in  the  case  of  small,  and  the  temperatures 
caused  by  large  moonlets  would  therefore  be  greater.  To  this 
relation  I  ascribe  the  restriction  of  inner  plains,  indicative  of 
fusion,  to  the  larger  craters.    ♦    ♦    ♦ 

In  the  breaking  up  of  the  postulated  pre-lunar  ring  there  were 
at  first  many  centers  of  aggregation, — were  the  moon  the  only 
center,  the  scars  of  impact  would  all  be  small.  So  long  as  the 
masses  were  small  the  process  of  aggregation  developed  little 
heat,  for  the  heat  of  impact  depended  almost  wholly  on  velocities 
created  by  mutual  attractions.  That  particular  moonlet  which 
became  the  nucleus  of  the  moon  may  therefore  be  conceived  as 
cold,  or  at  least  as  sufficiently  cool  to  be  solid.  As  the  moon's 
mass  grew,  the  blows  it  received  were  progressively  harder,  and 
for  a  time  their  frequency  also  increased.  The  rate  of  heating 
probably  reached  and  passed  its  maximum  while  the  mass  was 
materially  less  than  now.  During  the  whole  period  of  growth 
the  surface  lost  heat  by  radiation,  but  the  process  of  growth  can- 
not have  been  slow  enough  to  permit  the  concurrent  dissipation 
of  all  the  impact  heat.  On  the  one  hand,  there  should  have  been 
some  storage  of  heat  in  the  interior,  and,  on  the  other  hand,  the 
stored  heat  can  never  have  sufficed  for  the  liquefaction  of  the 
nucleus.  Toward  the  close  of  the  process,  when  blows  were  hard 
but  rare,  liquefaction  was  a  local  and  temporary  surface  pheno- 
menon, but  the  general  temperature  of  the  surface  was  low. 
Impact  heat,  being  evolved  simultaneously  in  the  surface  and  the 
subsurface,  was  dissipated  more  rapidly  from  the  surface,  so 
that  there  was  a  subsurface  zone  of  relatively  high  temperature. 
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The  zone  thus  inferred  deductively  is  also  inferred  inductively 
from  the  disparity  of  cavities  and  rims  in  the  case  of  large  craters; 
but,  on  the  other  hand,  there  is  little  evidence  of  the  wrinkling 
which,  theoretically,  should  result  from  the  adjustment  of  a  cold 
crust  to  a  cooling  nucleus.  *  ♦  ♦  It  is  therefore  probable  that 
the  final  shrinkage  of  nucleus  was  small,  and  the  antecedent 
storage  of  heat  correspondingly  small.  Dui^g  the  whole  period 
of  growth  the  body  of  the  moon  was  cold. 

After  thus  stating  the  hypothesis  of  Gilbert  for  the 
origin  of  the  moon,  in  his  own  words,  it  is  not  needful  to 
consider  here  in  detail  the  numerous  arguments  which 
favor  vulcanism,  instead  of  impacts,  as  the  cause  of  the 
moon's  craters.  The  adoption  of  Gilbert's  explanation  of 
the  physiography  and  development  of  the  moon  would  go 
very  far  toward  conclusive  verification  of  the  planetesimal 
liyi)othesis ;  but  Chamberlin  evidently  thinks  that  volcanic 
origin  of  the  lunar  craters  is  more  probable. 

Gilbert  considers  the  whole  process  of  the  moon's 
gathering  its  formerly  scattered  material  to  have  been  com- 
pleted at  least  before  the  deposition  of  the  earth's  Paleozoic 
sediments,  else  they  would  here  and  there  reveal  evidences 
of  collision  of  some  of  the  portions  of  the  previous  ring 
matter,  since  these  must  have  fallen  not  only  on  the  moon 
but  in  like  manner  on  the  earth.  Whether  the  craters  of 
the  moon  resulted  from  meteoric  aggregation  or  from  vul- 
canism, the  very  steep  and  high  mountains  of  the  crater 
rims  liave  doubtless  remained  through  very  long  ages  un- 
affected by  agencies  of  erosion,  because  of  the  absence  of 
atmos])here. 

Geologic  anti(|uity,  as  hitherto  studied,  falls  far  short 
of  reaching  back  to  the  time  of  completion  of  the  creation 
of  these  companion  globes,  the  earth  and  its  satellite,  in 
nearly  the  same  size  and  condition  which  they  have  now. 
Rut  in  the  new  views  opened  by  the  hypothesis  noticed 
in  this  paper  the  range  of  geologic  inquiries  and  theories 
is  extended  almost  inconceivably  farther  back,  through 
the  laying  of  "the  foundation  of  the  earth." 


Nansen^s  Continental  Oscillations-Spencer.       221 

DR.      NANSEN'S      "BATHYMETRICAL      FEATURES      OF      THE         .    / 
NORTH   POLAR  SEA,  WITH  A  DISCUSSION  OF  THE  ^ 

CONTINENTAL    SHELVES    AND   THE   PRE- 
VIOUS OSCILLATIONS  OF  THE  SHORE- 
LINE."* 
A  Review  by  J.  W    Spkncbr. 

This  is  one  of  the  comprehensive  scientific  memoirs 
which  have  been  the  outcome  of  Dr.  Nansen's  Arctic  ex- 
plorations.  While  it  treats  of  the  physiographic  features 
of  the  Polar  basin,  yet  the  greater  part  is  devoted  to  the 
investigation  of  continental  shelves,  not  merely  of  the 
Arctic  basin,  but  also  those  of  the  Atlantic,  in  which  respect 
it  is  the  most  important  work  that  has  appeared  anywhere, 
and  along  with  that  is  the  investigation  of  the  drowned 
valleys  dissecting  the  shelves. 

Dr.  Nansen  has  considerately,  for  us  English-speaking 
people,  written  in  our  own  tongue,  but  as  his  monograph 
is  published  in  Norway,  few  in  this  country  will  be  able 
to  see  the  original  work,  and  yet  the  book  is  absolutely 
necessary  for  any  serious  student  of  the  subject,  but  for 
those  who  cannot  see  the  original  an  attempt  at  summariz- 
ing it  may  be  of  some  assistance. 

Dr.  Nansen  tells  us  that  he  planned  his  expedition,  on 
the  assumption  that  there  was  a  free  Polar  sea,  and  ex- 
pected along  with  most  geographers  that  it  was  compara- 
tively shallow.  But  the  discovery  of  the  great  continental 
slope  in  -front  of  the  broad  submerged  shelf  of  the  Eurasian 
continent,  reaching  to  a  depth  of  4,000  metres  and  more, 
proved  the  existence  of  a  great  sea  basin,  only  limited  by 
the  rise  of  a  corresponding  slope  to  the  continental  shelf 
of  the  American  side.  How  far  the  shelf  extends  bevond 
the  American  archipelago  is  not  known.  ])ut  certain  it  is 
that  there  is  deep  water  at  the  North  pole.  This  feature 
is  illustrated  in  a  finely  executed  colored  chart,  giving  us  a 
graphic  idea  of  the  size  and  form  of  the  true  basin. 

North  of  the  low  Siberian  coast,  the  continental  shelf 
reaches  to  640  kilometres  in  breadth,  at  which  point  its 
depth  below  the  sea  is  only  156  metres.  The  width  of  the 
shelf  from  Alaska,  north  of  Bering  strait  and  Siberia  to 
Franz  Joseph  land,  is  nearlv  uniform,  though  in  places  re-  '') 


«  Quarto,  pp.  232,  plates  28.     Published   by   the   Fridtjof   Nansen    fund         *   \ 
f<»r  th«^  Advancement  of  Science.  ChrJstlania.   1904. 
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duced  by  projections  from  the  coast;  with  a  general  depth 
of  less  than  loo  metres.  In  the  vicinity  of  Bering  strait, 
Nansen  gives  three  sections  of  the  continental  shelf,  two 
of  which  after  showing  a  breadth  of  nearly  400  miles  begin 
to  descend  abruptly  as  if  their  border  were  approached. 
Even  the  fragmentary  evidence  on  the  American  side  indi- 
cated that  the  edge  of  the  shelf  (reduced  to  a  width  of  70 
kilomtres)  is  at  the  same  depth  of  about  100  metres  as  else- 
where. Franz  Josepf  land  and  Spitzbergen  are  located  on 
the  outer  edge  of  the  shelf  which  is  here  somewhat  broader. 
The  depth  is  irregular,  showing  that  the  platform  is  dis- 
sected by  valleys  communicating  with  the  Polar  basin  at 
one  end,  and  the  Norwegian  sea  at  the  other.  This  is  on 
the  floor  of  Barentz  sea,  which  extends  from  these  islands 
to  Novaya  Zemlia  and  the  Norwegian  coast.  The  irregu- 
larity of  the  soundings  in  this  sea  may  in  part  be  attributed 
to  the  partial  filling  of  the  ancient  valleys  by  glacial  depos- 
its, river  silts,  the  drifted  sediments  of  coast-wise  wash 
and  the  levelling  effect  of  the  floating  ice  on  the  bottom  of 
the  shallow  sea,  but  the  valleys  themselves  are  more  or 
less  apparent.  These  are  described  in  considerable  detail, 
along  with  their  tributary  branches,  as  well  as  those  of 
Kara  sea.  The  valley-like  features  are  traced  to  the  edge 
of  the  su])niarine  plain,  but  the  soundings  in  them  have  not 
generally  reached  to  more  than  400-500  metres.  (Still  the 
reviewer  had  observed  a  cove  to  8,100  feet  incising  the  con- 
tinental sl()j)e  southwest  of  Spitzbergen,  where  the  depth 
below  the  sea  level  is  only  840  feet.  This  indicates  that 
the  valleys  extend  to  the  floor  of  the  basin.)  The  rapid 
descent  from  the  shelf  is  shown  in  various  places.  Some 
idea  of  this  last  feature  may  be  obtained  north  of  Spitz- 
bergen, where  in  a  distance  of  about  30  miles,  a  slope  from 
171  metres  to  1,150  occurs.  In  his  great  discovery  of  the 
deep  Arctic  basin,  Nansen  found  the  slope  north  of  the  New 
Siberian  islands  reached  from  too  metres  on  the  edge  oT  the 
shelf  to  over  1,920  in  a  distance  of  40  miles. 

Off  the  Siberian  coast,  he  did  not  find  the  valleys  on 
the  surface  of  the  shelf,  which  fact  he  attributes  to  their 
refilling  by  the  coast-wise  distribution  of  the  sediments 
brought  down  by  the  great  rivers.     But  he  observed  many 
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typical  valleys  in  Kara  sea,  and  these  may  have  been  left 
open  on  account  of  their  great  distance  from  the  Siberian 
or  other  rivers.     The  soundings  in  Barentz  and  Kara  seas 
are  "sufficient  to  show  that  the  physical  features  of  the 
bottom  bear  a  striking  resemblance  to  a  former  sub-aerial 
region"  as  there  is  an  "extensive  coherent  system  of  broad 
submarine  valleys     ♦     *     ♦     with  many  tributaries  drain- 
ing an  extensive  area  of  the  ancient  continent  as  far  east 
as  Novaya  Zemlia.     *     *     *     The  whole  bottom  seems  to 
have  been  elevated  above  sea  level     *     *     *     at  some  pre- 
vious and  probably  not  very  remote  geological  period  *  *  * 
No  other  theory  would  in  my  opinion  serve  to  explain  the 
origin  and  presence  of  such  a  system  of  valleys  under  the 
water  of  the  sea.  *     *     ♦  Valleys  may  be  formed  by  faults 
or  folding       *     *     *      3^^  ^^  cannot  expect  the  depres- 
sions thus  formed  to  assume,  without  the  aid  of  meteoric 
agencies  the  shape  of  typical  river  valleys  with  numerous 
branches  or  tributaries  or  converging  into  a  trunk  valley, 
which   on   the  whole  gradually  deepens  towards   its   em- 
bouchure opening  out  into  the  oceanic  abyss."  (p.  26.)     He 
further  points  out  that  if  the  ridges  between  the  valleys  in 
this  region  have  been  formed  by  seismic  movements  they 
must  have  been  dissected  by  erosion  of  some  kind,  for  all 
the  transverse  valleys  could  not  have  been  formed  by  tec- 
tonic  strains,  as  the^  exhibit  typical    features    of    river- 
formed  channels,  afterwards  occupied  by  glaciers.     These 
features  on  the  shelf  required  an  elevation  of  450  metres 
above  sea  level  and  probable  much  more,  and  he  regrets 
our  lack  of  information  which  prevents  our  defining  the 
amount.     He  also  shows  that  the  channels,    as    that    at 
\^ardo.  have  not  been  excavated  by  submarine  glacial  ero- 
sion.    These  valleys  were  formed  at  a  time  just  preceding 
the  Glacial  epoch.    Then  they  were  occupied  by  glaciers, 
which  deposited  detritus  in  the  valleys,  as  they  were  reced- 
ing during  the  subsequent  subsidence  of  an  inter-Glacial 
epoch,  which  culminated  when  the  sea    had    reached    100 
metres  above  the  present  level.     Then   recurred  another 
elevation,  followed  by  the  latest  Glacial  epoch.    The  val- 
leys were  partially  re-excavated,  and  according  to  Ramsay 
the  glaciers  did  not  reach  the  coast.     A  second^  submerg- 
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cnce  to  about  70  metres  below  the  present  followed.  A 
third  elevation  raised  portions  of  the  sea  bottom  so  that 
the  glacial  deposits  were  incised  by  new  channels,  now- 
forming  some  of  the  submerged  valleys.  Again  a  third 
depression  brought  the  land  down  to  21-22  metres, 
after  which  it  rose  to  the  present  hight.  (pp.  34-35). 
Nansen  finds  a  remarkable  repetition  of  changes  which  the 
reviewer  has  shown  as  occurring  on  this  side  of  the  At- 
lantic. 

In  the  American  archipelago,  Nansen  calls  attention  to 
depths  of  411,512  and  more  than  732  metres,  as  well  as 
shallower  ones,  indicating  that  the  region  is  one  of  typical 
fjords  with  channels  opening  into  the  Polar  basin,  though 
thev  mav  be  found  obstructed  as  in  the  case  of  the  Nor- 
wc^ian  fjords ;  and  he  further  considers  that  the  Arctic 
basin  is  not  very  distant. 

Even  without  soundings  on  the  American  shelf  to 
show  its  limit,  Nansen  says  "the  Fram  cannot  have  drifted 
alonj^  a  deep  and  narrow  sub-ocean  channel."  He  espec- 
ially mentions  that  the  existence  of  the  cold  bottom  water 
makes  it  "perfectly  impossible."  The  heavy  bottom  water 
at  more  than  800-900  metres,  originating  from  the  inflowing 
Atlantic,  cannot  have  been  cooled  down  at  the  observed 
(lcj)ths,  beneath  the  overlying  warmer  water,  and  the  lower 
layers,  affected  by  subterranean  heat;  it  must  have  cooled 
down  somewhere  in  the  unknown  portion  of  the  Polar 
basin,  in  contact  with  the  surface  layer  of  cold  water — this 
at  some  place  far  off  from  the  course  of  the  Fram.  Similar 
conditions  exist  in  the  Norwegian  sea,  where,  however,  the 
centre  of  cold  surface  water  has  been  found  north  of  Jan 
May  en.  In  the  Polar  basin,  Nansen  locates  the  centre  of 
cold  surface  water  somewhere  between  the  North  Pole  and 
r»ering  strajt ;  but  the  bottom  water  is  not  reduced  to  quite 
so  low  a  temperature  as  in  the  Norwegian  sea.  According- 
ly "we  are  obliged  to  assume  that  it  (the  deep  basin)  has 
a  wide  extension,"  probably  the  greater  part  of  the  still  un- 
known IV)lar  rep^ion  (p.  228).  Finally  the  drift  of  the  ice, 
under  the  east  coast  of  Greenland,  is  much  greater  than 
farther  north,  where  the  ice  belt  must  correspond  to  the 
broader  one  in  the  known  and  unknown  Polar  sea,  from 
w^hich  it  converges. 
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There  are  two  distinct  layers  on  the  bottom  of  the 
Polar  seas ; — a  brown  clay  resting  on  gray  clay,  or  vice 
versa — the  brown  requiring  the  longer  time  for  its  accumu- 
lation. This  difference  may  in  part  have  arisen  from  more 
waste  being  carried  down  to  the  sea  at  one  time  than  at 
another;  or  with  equal  probability,  it  may  be  due  to  the 
movement  of  the  shore  lines,  causing  the  advancement  or 
recession  of  the  mouth  of  the  river,  but  only  a  considerable 
change  of  level  of  land  and  sea  would  make  a  difference 
where  the  oscillating  coast  line  was  characterized  by  a 
steep  descent. 

The  Siberian  continental  shelf,  northwest  of  Koteloi^ 
at  1,400  metres,  showed  lo-ii  centimetres  of  gray  clay  rest- 
ing on  the  brown,  as  a  distinct  layer,  with  no  Foraminifera 
in  the  gray,  and  only  rarely  in  the  brown.  The  composi- 
tion of  the  two  kinds  is  nearly  the  same.  The  brown  color 
indicates  a  slower  rate  of  deposition.  The  comparatively 
recent  submergence  of  the  Siberian  tundra  (100-150 
metres)  would  greatly  reduce  the  basins  of  the  rivers, 
causing  the  embouchures  to  recede  so  that  the  sedimenta- 
tion down  the  continental  slope  would  permit  the  slow 
accumulation  of  the  brown  deposits.  The  rise  of  the  land 
would  favor  the  deposition  of  the  gray.  In  Barentz  sea, 
a  very  thin  upper  layer  of  green  clay  rests  on  the  gray. 

In  the  basin  of  the  Norwegian  sea,  which  is  separated 
from  that  of  the  Arctic,  by  a  ridge  between  Spitzbergen 
and  Greenland,  the  brown  oxidized  clay  rests  upon  the 
gray,  which  contains  no  animal  remains,  or  any  great 
amount  of  carbonate  of  lime.  On  the  continental  slope, 
to  about  900  metres,  the  layer  of  brown  clay  is  very  thin, 
but  it  increases  in  thickness  on  approaching  the  oceanic 
depths.  So  also  the  Biloculina,  etc.  increase  as  well  as  the 
percentage  of  carbonate  of  lime  to  15-20  per  cent  in  the 
true  foraminiferal  clay.  The  gray  clay  must  have  here 
been  deposited  in  a  former  period,  when  there  was  a  rapid 
deposition  of  terrigenous  waste  with  very  little  animal 
matter.  This  can  be  explained  by  the  Norwegian  shore 
line  extending  seaward,  when  the  land,  compared  with  the 
sea-level  stood  much  higher  than  now.  At  such  a  time  the 
Greenland-Iceland-Scotland    ridge    cut    off    the    Atlantic 
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waters,  thus  affecting  the  warm  currents  and  the  distribu- 
tion of  life. 

A  conspicuous  feature  of  the  Polar  basin  is  the  small 
amount  of  Foraminifera  and  of  carbonate  of  lime,  in  one 
case  five  per  cent,  in  others  from  one  to  three  per  cent. 
This  scarcity  may  be  attributed  to  the  absorption  of  light 
by  the  ice.  The  deep  sea  brown  clay,  which  prevails  on  the 
bottom  of  the  Polar  basin,  is  very  much  like  the  Biloculina 
clay  which  occurs  in  the  Norwegian  sea  (this  organism 
does  not  occur  here),  but  the  percentage  of  lime  is  very 
much  less.  These  organic  deposits  indicate  former  more 
favorable  biological  conditions.  Very  little  terrigenous 
matter  reaches  the  deep  basin  from  the  rivers,  and  the  fine- 
ness of  the  deposits  there  compared  with  the  coarse  mate- 
rial of  the  coast  region,  shows  that  there  has  been  no  great 
glacial  drift  across  the  Polar  basin.  Nansen  very  rarely 
found  any  stones,  as  large  as  a  pea,  on  the  floe-ice,  but  in 
many  cases,  dust  and  mud  were  seen  in  quantities.  In  a 
verv  cold  sea  even  the  shore  ice  travels  across  it  without 
depositing  its  load,  and  in  this  case  it  finally  melts  east  of 
Greenland,  where  the  debris  sinks  to  the  sea  floor. 

The  continental  shelf  of  Barentz  sea  becomes  con- 
tracted to  about  50  kilometres  off  the  Norwegian  coast  in 
front  of  the  neighboring  high  mountains  from  Tromso  to 
Vestcraaljn.  but  beyond  it  widens  out,  supporting  the  Lo- 
foden  islands,  and  reaches  the  breadth  of  250  kilometres 
in  the  vicinity  of  latitude  66°.  The  edge  of  the  shelf  then 
turns  landward  so  that  it  recedes  to  within  80  kilometres 
of  the  coast  in  front  of  Aalesund.  Farther  on,  it  turns 
westward,  and  the  continental  shelf  itself  is  represented  by 
the  tloor  of  the  . North  sea,  near  latitude  62°.  This  defini- 
tion requires  further  explanation,  for  from  this  point  south- 
ward and  around  to  Christiania  fjord  is  the  merest  fringe 
of  the  continental  shelf,  which  might  be  said  to  disappear, 
if  it  were  not  repeated  on  the  other  side  of  the  broad  sub- 
marine Norwegian  channel,  as  the  floor  of  the  North  sea; 
accordinp^ly  the  cfreat  shelf  itself  is  only  incised  by  the 
channel,  which  is  a  minor  feature.  This  Norwegian  chan- 
nel extends  inward  for  480  nautical  miles,  with  a  breadth 
of  40-56  miles,  to  Christiania  fjord,  having  the  Sogne  fjord 
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and  other  tributaries.  It  is  so  close  to  the  shore  that 
the  higher  portion  of  the  continental  shelf  does  not  appear. 
This  channel  ends  abruptly  in  three  tributary  fjords. 

The  soundings  of  the  continental  shelf  display  many 
irregularities,  on  account  of  the  incisions  in  it.  The  great 
valley  fjords  cross  it.  These  are  obstructed  by  barriers 
near  the  outer  coast  line.  The  shelf  is  naturally  best  de- 
veloped between  the  valleys,  and  the  broadest  and  deepest 
shelves  or  platforms  are  situated  in  front  of  the  lowest 
coast,  and  the  highest  and  narrowest  in  front  of  precipitous 
coasts.  The  author  distinguishes  a  coast  platform  from 
the  general  shelf.  This  is  where  the  shallow  sea  is  studded 
with  low  islands  and  skerries.  It"  has  an  important  bear- 
ing on  the  question  of  the  origin  of  the  shelves  considered 
later.  The  local  descriptions  with  sections  are  given  in 
great  detail,  and  these  are  necessary  to  understand  the 
general  characteristics. 

The  Norwegian  shelf,  almost  everywhere,  terminates 
abruptly,  and  its  very  level  or  gently  undulating  surface  is 
in  contrast  with  the  rapid  descent  of  the  continental  slope 
extending  to  oceanic  depths.       On  this  the  gradients  are 
steepest  between  200  and  1,000  metres,  becoming  gentler 
from    1,500  to  2,000  metres.       Even  down  the  slope,  evi- 
dences of  river-like  valleys  may  be  traced  to  the  greatest 
depths  where  soundings  have  been  made.     North  of  Ando 
^  they  have  thus  been  found  to  over  1,000  mteres,  within  the 
■  edge  of  the  shelf  itself,  which  here  has  a  depth  from  less 
1  than  100  metres  to  400  according  as  it  is  the  upper  or  lower 
f  platform.     Many  undulations  in  the  isobaths  of  the  slope 
indicate  channels  to  800  metres. 

I-'rom  Barentz  sea  to  latitude  67°  the  upper  levels  of  the 
ontinental  shelf  usually  reach  to  its  very  edge;  as  also  be- 
rond  latitude  64°.  Between  these  points,  the  main  shelf  is 
ndented  oy  an  embay ment,  which  is  floored  by  a  lower 
lain,  whose  outer  edge  is  bounded  by  the  400-metre  line. 
his  lower  submarine  plateau  reappears  in  the  Norwegian 
hannel,  and  far  north  in  Barentz  sea. 

Sometimes  the   valleys  appearing  on  the  continental 

ope  lie  outside  of  the  line  of  the  modern  channels.    This 

f   attributed  to  a  diversion  from  the  older  ones  apparent 
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at  the  greater  depths,  owing  to  glacial  or  other  deposits 
filling  the  original  channels. 

The  submarine  fjords  crossing  the  continental  shelf 
characteristically  reach  to  a  depth  of  400-500  metres,  and  in 
the  north,  the  land-bounded  fjords  inside  have  a  similar  but 
only  slightly  greater  depth,  while  in  the  south,  the  inner 
ones  are  much  deeper.  .  Between  the  inner  and  outer  fjords, 
the  channels  are  often  shallowed  to  within  300  metres  of 
the  surface  of  the  sea.  This  400-500  metre  base  level  is  re- 
peated on  the  ridge  between  Scotland  and  Norway  and  in 
Baffin  bay. 

In  central  Norway,  there  is  a  tendency  of  the  fjords  to 
follow  a  combination  of  longitudinal  and  transverse  val- 
leys. This  is  regarded  as  proof  that  the  surface  features  of 
the  country  are  due  to  water  erosion  and  not  to  glacial, 
according  to  Prof.  J.  H.  L.  Vogt.  The  conclusion  that  the 
longitudinal  ones  are  due  to  the  erosion  of  rivers  is  also 
supported  by  Dr.  H.  Reush  and  Prof.  W.  C.  Brogger.  While 
the  dcnudinj;,^  agents  may  have  obliterated  the  last  traces  of 
the  folds,  Xansen  thinks  that  such  tectonic  causes  brought 
to  the  surface  the  layers  of  the  more  yielding  rocks  upon 
which  the  agents  have  acted.  A\'ith  this  additional  expres- 
sion, the  author  agrees  with  Vogt  that  the  broad  longitu- 
dinal and  the  narrow  transverse  valleys  owe  their  origin  to 
running  water  and  not  to  glaciers  for  "a  great  ice  sheet  has 
necessarily  a  nuich  greater  tendency  than  running  water 
to  carve  valleys  along  directions  radiating  from  the  central 
region  or  axis  of  the  land,"  etc.  (p.  57).  Even  fhe  Norwe- 
gian channel,  though  perhaps  primarily  determined  by 
structure  was  fashioned  by  running  water  and  not  by 
glaciers,  which  were  ''hardly  sufficiently  dependent  on  the 
tectonic  structure  of  the  underlying  ground  to  form  parallel 
valleys"  to  those  of  the  i)lateau  (p.  62).  Along  with  pre- 
vious writers  Xansen  considers  the  Norwegian  channel  as 
the  continuation  of  the  I^altic  river  draining  that  basin. 
which  originated  by  tectonic  dislocations,  in  some  remote 
period,  but  whose  present  outline  is  due  to  atmospheric 
erosion  (first  river,  then  glacial)  and  subsequent  partial 
filling  with  jclrift  (p.  63).  The  breadth  of  the  channel  does 
not  interfere  with  the  theorv  endorsed. 
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The  Sognefjord  and  others  are  not  here  discussed,  but 
the  barriers  are  analysed  in  a  masterly  way,  so  as  to  leave 
no  other  conclusion  but  that  they  are  the  result  of  glacial 
filling  with  coast-wise  drift,  thus  agreeing  with  Hull  and 
others.  So  strong  a  case  does  he  make  out  that  those  who 
would  have  them  rock  basins  must  assume  the  burden  of 
the  proof  of  such  a  proposition. 

On  the  floor  of  the  North  sea  Nansen  finds  five  distinct 
terraces;  namely,  at  30-50,  66-80,  115-130,  155-217,  and  384- 
439  metres. 

Leavinur  Norwav  for  Faeroe  and  Iceland,*  which  are 
on  the  incised  ridge  extending  from  Scotland  to  Norway 
(\\'yville-Thomson),  Nansen  finds  remains  of  the  continen- 
tal shelves  from  40  to  100  kilometres  broad,  with  the  pre- 
cipitous coast  descending  abruptly  to  50-80  metres  below 
sea  level  to  the  shelves,  the  greater  portions  of  which  lie  be- 
tween 100  and  170  metres.  Consequently  there  is  an  ab- 
sence of  the  coast  platform  and  its  skerries.  The  many 
fjords  incising  the  shelf  are  less  barred  than  in  Normay 
and  arc  known  to  a  depth  of  350  metres,  where  informa-. 
tion  ceases.  A  sub-oceanic  terrace  at  11 05-1 175  occurs 
north  of  Faeroe,  and  one  at  11 77-12 15  to  the  westward  and 
between  here  and  Rockall  bank  at  1134-1189.  (p.  73).  On 
w^hat  corresponds  to  the  continental  slope,  even  the  limited 
soundings  show  submarine  channels  to  more  than  500  me- 
tres. ( )ne  southeast  of  Iceland,  almost  with  a  canyon 
shape,  reaches  to  1 174-1246  metres,  forming  an  incision  in 
the  floor  to  at  least  600  metres,  and  probably  to  800-1,000. 
A  little  beyond  appears  a  platform  at  640  metres.  The  ap- 
parently submarine  base  level  so  often  found  near  Norway 
at  400-500  metres  is  repeated  here.  Indeed,  the  Scotland- 
,Greenland  ridge,  with  its  shelf  and  lower  base  level,  decid- 
edly resembles  a  mountainous  plateau,  denuded  by  atmos- 
pheric agents.  .The  submarine  peneplain,  bounded  by  the 
500-isobath,  extends  with  two  narrow  interruptions  all  the 
way  between  the  two  continents  and  separates  the  Norwe- 
gian sea  from  the  Atlantic  basin.  It  is  however  incised  by 
a  channel  between  Scotland  and  Faeroe  reaching  to  1015- 
1088  metres  below  the  surface  of  the  sea.     It  opens  south- 


*  Also  bru'fty  ntiidifil  by   the  reviewer  and  others  whom  Dr.   Nansen 
.'ilways    cif^lltH    in    full. 
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ward  to  a  suboceanic  plain  submerged  to  1042-1326  metres. 
From  the  col  of  this  (Lightning)  channel  another  valley 
extends  northward  to  the  basin  of  the  Norwegian  sea,  sug- 
gesting a  lower  base  level  at  1262  metres.  Between 
Faeroe  and  Iceland  is  the  plateau  at  400-500  metres.  Be- 
tween Iceland  and  Greenland  the  ridge  and  plateau  Is  not 
quite  so  deep,  but  it  is  cut  by  a  channel  of  958  metres  rap- 
idly descending  towards  the  north  to  1560  metres  far  within 
the  edge  of  the  Greenland-Iceland  continental  shelf,  (p.  84.) 

Off  the  west  coast  of  Greenland,  the  remains  of  a 
continental  shelf  dissected  by  fjords  is  a  pronounced  feature 
of  which  a  less  complete  study  has  been  made  in  America.* 
The  coast  platform  with  its  skerries  are  here  repeated,  but 
with  inferior  development  to  that  in  Norway. 

The  continental  shelves  and  submarine  valleys  of 
Europe  and  America  are  reviewed  with  full  credit  to  the 
previous  workers  on  the  subject.  In  fact,  the  agreement 
between  those  of  ust  who  have  done  any  considerable  work 
on  the  subject,  and  therefore  entitled  to  some  opinion, 
seems  to  be  complete  in  all  essentials;  but  along  with  his 
own  researches  Nansen  has  brought  the  whole  subject  to- 
gether, into  a  treatise  which  must  be  epoch-making. 

Tlie  "coast  platform"  of  Dr.  Nansen,  which  is  that  por- 
tion of  the  shelf  bearing  the  skerries  or  low  islands,  has 
been  principally  formed  by  marine  denudation,  vigorously 
assisted  by  atnios])heric  erosion,  as  subsidence  was  not 
always  necessary,  for  there  were  various  episodes  of  oscil- 
lations of  land  and  sea.  This  coast  platform  has  been  cut 
siihsecjuently  to  the  excavation  of  the  fjords.  In  this  re- 
spect Xansen  disagrees  entirely  with  Reusch,  Davis  and 
Vogt.  He  sees  n(^  reason  for  accepting  their  theory',  and 
says:  "(")n  the  contrary,  T  consider  it  impossible  that  a 
broad  and  very  gentl\'  sloping  coast  platform  can  be 
formed  on  a  high  cc^ast  which  is  not  deeply  dissected  by 
fjords.  If  in  general  a  broad  i)lain  of  marine  denudation 
actually  he  formed  on  smooth,  undissected  coasts,  which 
are  slowly  snhmerged,  as  assumed  by  Richthoven,  its  slope 

•IJy  the  reviewer. 

V  Hy  far  the  moat  oxt<»n.«»iv»'  contrlbution.s  have  be<*n  made  by 
I'n»r.  I'Mwanl  Hull  jit.«I  by  Uw  reviewer,  some  of  which  only  have  been 
lofofird     to. 


Nansen's  Continental  Oscillations — Spencer.        231 

must  at  aiw  rate,  become  much  steeper  than  that  of  the 
coast  platform."  Under  such  conditions,  *the  force  of  the 
waves  would  be  broken  long  before  they  reached  the  shore. 
There  would  be  little  opportunity  for  the  waste  formed  by 
marine  denudation,  as  well  as  the  waste  carried  by  rivers, 
to  be  washed  away  into  the  deeper  waters"  except  by  tidal 
and  wind  currents,  (p.  105)  which  would  heap  up  beaches 
that  would  further  protect  the  cliffs  from  marine  erosion. 
In  the  case  of  fjord-dissected  coasts,  the  marine  denuda- 
tion would  be  fatilitated  by  the  deposition  of  the  waste 
in  the  deeper  channels,  so  that  the  unbroken  waves  could 
reach  the  cliffs.  However  the  last  glaciers  may  have  swept 
away  previous  accumulations  of  waste,  thus  re-opening  the 
channels.  So  also  atmosphere  erosion  is  more  effective  on 
a  deeply  dissected  coast  than  on  a  smooth  one.  The  coast 
platform  would  be  found  in  shallow  water  after  the  sub- 
mergence of  the  channeled  peneplain. 

While  continental  shelves  resemble  coast  platforms, 
they  are  more  complicated  and  of  greater  extent;  as  for 
instance  extending  from  the  Arctic  basin  to  Patagonia, 
with  their  depth  ranging  mostly  between  50  and  200 
metres. 

The  four  chief  methods  of  production  seem  to  be :  that 
they  are  submerged  coast  platforms;  submerged  pene- 
plains ;  constructed  by  sea  deposits ;  and  built  up  by  glacial 
drift.  Dr.  Nansen  concludes  that  the  continental  shelves 
of  the  world  have  been  formed  partly  by  coastal  deposition 
of  terrigenous  waste,  and  partly  by  the  conjoint  action  of 
sub-aerial  erosion  (i.  e.  submerged  peneplains)  and  marine 
denudation ;  and  in  seas  favorable  coral  growths  have  been 
important.  In  regions  of  rapid  coastal  sedimentation,  this 
method  of  formation  has  been  primary ;  but  it  is  not  certain 
that  favorable  conditions  obtained  wherever  broad  banks 
occur,  as  those  off  Newfoundland  and  the  shelf  of  the 
English  channel.  In  such  cases  erosion  has  predominated 
in  the  formation.  The  Norwegian  and  Iceland  shelves 
have  been  cut  in  solid  rock  at  sea  levels  lower  than  now. 
"It  can  hardly  be  merely  an  accidental  coincidence  that 
the  shelves  have  nevertheless  levels  which  are  nearly  iden- 
tical with  those  of  other  continental  shelves."  of  similar 
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3  origin.     The  shelves  partly  cut  by  erosion  and  partly  built 

,  up  by  waste  may  be  compared  with  raised  cut-ledges  and 

raised  beaches  and  terraces  built  up  by  waste,  (v.  p.  193). 
The  combined  sub-aerial  and  marine  denudation  have  had 
the  greatest  effects  during  periods  of  oscillations  of  the 
shore  lines.  During  elevation  the  streams  would  incise 
the  coastal  plains,  and  these  dissected  would  furnish  the 
most  favorable  conditions  for  marine  erosion.  \\\  such 
repetition  broad  shelves  would  be  formed,  and  most  coasts 
have  probably  undergone  many  oscillations.  "The  effect 
of  marine  denudation  can  never  become  great  on  smooth 
undissected  coasts ;  dissected  coasts  will  be  cut  back  till 
they  become  smooth."  The  continental  shelves  of  the 
world  have  been  subjected  to  changes  of  level  simultan- 
eous] v  with  and  after,  their  formation ;  thev  have  onlv  to 
a  vcrv  small  extent  been  formed  after  the  time  when  the 
l)rcsenl  shore  line  was  attained  (p.  194). 

The  shelves  of  Iceland  and  the  Faeroe  islands  have 
been  built  np  in  Pliocene  and  Pleistocene  times,  and  Xan- 
sen  believes  "that  the  continental  shelves  of  other  regions 
are  to  a  great  extent  of  similar  age''  (p.  186).  He  con- 
cludes with  Hull,  that  those  of  the  Scotch  islands  belong 
to  a  similar  date,  and  he  cites  the  present  reviewer  as  show- 
ini^  that  tlic*  aj^e  of  the  valleys  dissecting  the  American 
conlinenlal  shelf  corresponds  to  that  of  Europe  (p.  187). 
Thv  canyons  and  channels  must  have  been  made  subse- 
(juently  to  the  shelves.  For  example,  he  says  that  Fosse 
dc  ('aj)  lireton"  is  j)erfectly  incompatible  with  the  assump- 
tion that  the  shelf  was  formed  after  the 'last  submergence 
of  the  drowned  valleys,  if  we  assume  that  this  remarkable 
ravine  is  an  ancient  river  canyon,  other  than  which  I  (he) 
think  there  is  no  feasible  explanation''  (p.  190),  thus  strong- 
ly su])])ortin<^  Hull  and  others  in  this  and  other  canyons 
off  the  coast  of  h>ance.  He  sees  no  evidence  against  the 
existence  of  the  su])niarine  valleys  and  their  being  filled 
with  drift  and  leveled  over  with  wave  washes  during  os- 
cillations. 

"We  see  that  it  is  difficult  to  find  conclusive  evidence  that 
the  continental  shelf  ♦  ♦  ♦  has  been  elevated  into  dry  land 
after  formation;   but  the  drowned  valleys     and     fjords  at  many 
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places  make  this  highly  probable  and  at  some  places—^,  g.  the 
Fosse  de  Cap  Breton,  the  Congo  submarine  canyon,  the  Bottomless 
pit — there  seems  no  other  feasible  explanation  to  be  found.    Some 
drowned  valleys  on  the  American  side  of  the  Atlantic  seem  per- 
haps to  give  still  better  evidence  of  such  a  recent  elevation.    Bren 
if  we  admit  that  the  long  submerged  channel  of  the  St.  Lawrence 
river  might  possibly,  although  not  probably,  have  been  reopened 
by  submarine  glacial  erosion,    *     *     *     it  seems  also  highly  im- 
probable that  the  drowned  valleys  of  the  Newfoundland  bank,  far 
from  land  have  been  reopened  by  submarine  glacial  erosion.    The 
drowned  valley  of  the  Hudson  river  cannot  possibly  have  been 
reopened  by  submarine  glacial  erosion.    It  is  too  long,  and  narrow, 
and  too  deep.    Its  narrow  and  well  defined  channel,  cut  in  the 
extremely  level  continental  shelf,  seems  to  prove  that  the  latter 
has  comparatively  recently  been  elevated  into  dry  land.    Prof.  J. 
W.  Spencer  has  described  a  great  many  drowned  valleys  along  the 
coasts   of  the   West  Indies  and   the   United   States  south   of  the 
/  drow^ncd    Hudson   valley.    Although    Spencer's    description   of   tl^e 
drowned   valleys   may  often  be   based  on  too  few  and   scattered 
soundings,  to  be  absolutely  certain,  there  are  a  good  many  sub- 
marine features  in  this  region  which  cannot  easily  be  otherwise 
explained,  and  which  indicate  vertical  oscillations  of  great  ampli- 
tude, of  the  shore  line,  as  Prof.  Spencer  has  pointed  out  in  such 
an   ingenious   way.    According  to   his  investigations   the  drowned 
valleys  of  the  continental  shelf,  as  well  as  the  valleys  of  the  coast, 
have  been  filled  and  reopened  several  times  according  as  the  shelf 
was  submerged  or  elevated  into  dry  land.     *     ♦  »  *     The  shelf  can- 
not have  been  covered  by  much  deposit  after  the  last  submergence. 
*     *     ♦     Thus    ♦     ♦     •     there  is  weighty     evidence     that     the 
drowned  valleys  have  been  sculptured  after  the  formation  of  the 
continental  shelves,  and  that  consequently  the  latter  have  been  dry 
land  after  formation,       *     *     ♦    if  at  some  places     ♦     ♦     ♦    also 
at  least  in  neighboring  regions;  for  considering  that  the  continen- 
tal shelves  have  retained  practically  the  same  level  mutually,  the 
oscillations  of  level  cannot  have  been  due  to  quite  local  tectonic 
movements/'  (pp.  191-192.) 

Of  the  stability  and  oscillations  of  the  shore  line,  Dr. 
Xansen  says  that  the  well  developed  continental  shelves  of 
the  earth  prove  that  the  general  level  of  the  hydrosphere 
must  have  remained  near  its  present  position  during  long 
recent  geological  periods.  This  is  illustrated  by  Sir  John 
Murray  showing  that  40  per  cent  of  the  continental  area  is 
situated  between  200  metres  above  and  below  the  present 
sea  level.  But  the  sea  level  has  not  remained  stationary, 
as  it  has  been  conclusively  proved  to  have  oscillated  be- 
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tween  the  outer  edge  of  the  continental  shelf  and  the  inner 
boundary  of  the  low  lands.  The  marine  sediments  on  the 
coastal  plains  prove  them  to  have  been  covered  by  the  sea. 
The  eroded  parts  of  the  continental  shelves  could  not  have 
been  developed  at  the  present  sea  level.  The  ^'submerged 
dissected  coasts  in  nearly  all  regions  of  the  world  indicate 
also  a  universal  comparatively  modern  transgression  of 
the  ocean,  for  it  seems  highly  improbable  that  nearly  all 
the  coasts  could  have  been  simultaneously  depressed  by 
tectonic  movements."  The  coral  reefs  indicate  a  univer- 
sally late  rise  of  sea  level,  while  the  elevated  reefs  indicate 
a  pause  in  the  vertical  movements.  The  drowned  valleys 
and  fjords  of  the  continental  shelves  and  sub-oceanic 
continental  slopes,  *  *  *  as  of  Norway,  Fosse 
Cap  Breton,  Congo,  St.  Lawrence,  Hudson,  etc.,  prove  that 
there  have  been  much  greater  oscillations  of  shore  line; 
and  this  is  confirmed  by  the  suboceanic  platforms  and  ter- 
races, as  the  l>lake  plateau,  one  southwest  of  Faeroes  (at 
I200-I3(X>  metres  below  the  surface  (p.  197),  and  deeper 
ones  mav  be  added  bv  the  reviewer. 

"What  are  the  possible  causes  of  these  oscillations  of 
the  shore  line?  Are  they  due  to  movements  of  the  litho- 
sphere  or  to  possible  oscillations  of  the  hydrosphere  or 
j)crhaps  to  both?"  According  to  J.  W.  Spencer's  interest- 
ing investigations  of  the  drowned  valleys  of  the  Antillean 
region  there  have  been  a  great  many  oscillations  of  the 
shore  line  during  late  geological  periods.  He  believes  that 
these  oscillations  have  been  due  to  epeirogenic  movements. 
and  assumes  that  in  neighboring  regions  (it  should  be 
j^rctty  distant  one)  "they  have  frequently  not  been  simul- 
taneous." He  further  says  that  this  does  not  harmonize 
with  the  remarkable  uniformity  of  levels  of  the  shelves,  (p. 
198).  ''The  greater  part  of  the  shelf  must,  according  to 
Spencer's  own  description  have  been  formed  (as  a  coastal 
plain)  prior  to  the  formation  or  at  least  prior  to  the  re- 
opening of  the  drowned  valleys."  Nansen  thinks  it  "im- 
possible that  the  vertical  oscillations  of  the  shore  line  can 
have  been  due  to  more  or  less  local  tectonic  movements, 
a  fact  which  has  hitherto  hardly  been  sufficiently  appre- 
ciated."    The  reviewer  wishes  here  to  state  that  at  the 
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time  when  he  made,  the  studies  just  referred  to  by  Nansen, 
he  was  the  pioneer  in  searching  into  these  deep  drowned 
valleys,  without  the  suggestive  assistance  of  Prof.  Hull  and 
Dr.  Nansen,  and  the  whole  problem  was  too  great  for  one 
worker.  So  when  he  comes  to  revise  his  earlier  studies, 
they  will  have  the  great  advantage  of  the  new  light  now 
thrown  on  the  question,  and  doubtless  there  will  be  close 
agreement  in  our  views,  when  dealing  with  the  same 
phenomena,  for  in  such  discordance  as  referred  to  he 
thinks  "that  there  may  be  other  explanations,  and  he  does 
not  consider  it  necessary  to  assume  that  the  continental 
shelf  has  undergone  the  same  changes  of  level  along  its 
whole  length — even  though  at  some  places  it  may  have 
been  elevated  rpore  than  1,000  metres  and  again  low- 
ered to  its  original  position"  (p.  199).  The  "facts  indicate 
that  on  one  hand  there  has  been  during  very  long  periods 
a  certain  stability  of  sea  level,"  but  at  the  same  time  "great 
oscillations  above  and  below  sea  level  *  *  *  have  oc- 
curred at  different  periods."  Also  "a  late  and  more  uni- 
versal rise  of  sea  level  of  perhaps  100  metres  or  more  ac- 
companied by  perhaps  several  oscillations  of  the  same 
kind."  A  crust  floating  on  the  underlying  magma  he 
compares  with  an  unequally  loaded  ice-floe  subjected  to 
changing  "ice-pressures."  The  thermal  contraction  and 
expansion  of  the  rocks,  are  discussed  at  some  length  as  to 
their  bearing  on  the  changes  of  level,  and  it  is  perhaps  the 
most  suggestive  consideration,  although  the  transposition 
of  the  land-waste  to  the  sea,  accumulation  of  glaciers  and 
their  melting,  etc.,  are  considered.  There  seems  no  satis- 
factory explanation  of  the  cause  of  the  great  changes  of 
level  of  the  land  and  sea,  but  after  each  disturbance  there 
is  a  tendency  to  return  to  equilibrium,  "probably  determined 
by  the  buoyancy  of  the  crust  floating  on  a  liquid  magma" 
(p.  213).  "A  theory  which  would  explain  the  above  facts 
must  recognize  the  tendency,  whether  the  disturbances 
be  due  to  the  lithosphere  or  hydrosphere"  (p.  200). 
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RROr.     SHIMEK'S     CRITICISM     OF     THE     AQUEOUS     ORIGIN 
I  OF  LOESS. 

t  By  G.  Fbedebiok  Wbioht,  Oberlln,   Ohio. 

;I  In  criticising  the  papers  of  Miss  Owen  and  myself  in 

the  American  Geologist  for  April,  1904,  defending  the 
aqueous  origin  of  the  loess  in  the  Missouri  valley,  Prof. 
Shimek  makes  several  statements  which  are  likely  to  be 
misleading,  unless  our  own  position  is  more  clearly  stated. 
At  the  outset  it  should  be  said  in  general  that  we  are  not 
maintaining  the  entire  absence  of  eolian  agency  in  distrib- 
uting the  loess.  We  may  be  allowed  to  appeal  to  the 
agency  of  wind  to  account  for  various  abnormal  deposits 
which  could  not  be  accounted  for  on  the  aqueous  theory. 
Our  only  contention  is,  that  the  main  deposits  bear  unmis- 
takable evidence  of  water  deposition. 

The  most  important  points  in  our  statement  of  the  case 
which  Prof.  Shimek  challenges  are: 

I.  "That  the  bluffs  of  loess  on  the  west  side  of  the 
Missouri  river  are  scarcely,  if  any,  less  than  those  upon  the 
cast  side."  This  statement  Prof.  Shimek  challenges,  affirm- 
ing that,  '*as  a  rule,  they  are  higher,  more  abrupt,  and  with 
thicker  loess  deposits  on  the  east  side,  and  the  same  is  true 
of  the  Mississippi."  Probably  Prof.  Shimek  is  correct  in 
this.  1  spoke  only  from  a  general  impression,  which  is 
certainly  correct,  that  the  loess  bluffs  upon  the  west  side  of 
the  Missouri  river  at  Omaha,  Plattsmouth,  Nebraska  City, 
T.eavenworth,  and  Kansas  City  are  very  extensive,  and  that 
is  sufficient  for  my  argument  in  the  case.  The  prevailing 
winds  in  that  region  are  westerly  in  the  ratio  of  about  three 
to  one.  If  this  loess  had  been  blown  up  from  the  flood- 
plain  of  the  Missouri  by  winds,  the  deposits  upon  the  east 
side  should  be  three  times  those  upon  the  west,  which  no 
one  would  contend  is  the  case. 

Prof.  Shimek  resorts  to  local  "topographic  features," 
"meanderings  in  the  river  valley,"  and  "inequalities  in  forest 
and  plant  distribution  during  the  deposition  of  the  loess," 
to  account  for  the  instances  where  the  depositions  on  the 
west  side  are  greater  than  those  on  the  east.  But  such  local 
conditions  can  be  much  more  readily  appealed  to  in  explan- 
ation of  the  larger  accumulations  upon  the  eastern  side. 
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It  should  be  observed  that  the  principal  loess  accumula- 
tions are  clearly  connected  with  the  closing  stages  of  the 
lowan  glacial  epoch.  The  loess-covered  area  of  southern 
Iowa  begins  very  abruptly  south  of  the  terminal  moraine  of 
the  lowan  epoch.  While  that  area  is  completely  enveloped 
in  loess,  it  is  almost  entirely  absent  over  the  area  of  the 
northern  part  of  the  State  which  was  covered  with  lowan 
ice.  This  points  with  unerring  accuracy  to  the  floods  of 
the  closing  stages  of  this  period  as  the  principal  source  of 
the  material  thus  deposited.  A  little  study  of  the  map  will 
show  that  during  those  floods  a  large  number  of  tributaries 
coming  into  the  Missouri  river  upon  its  eastern  side  would 
contribute  an  abnormal  amount  of  material  to  that  side  of 
the  river.  There  are  half  a  dozen  such  streams  coming  into 
this  area  above  Council  BluflFs,  while,  below,  the  Nishna- 
botany,  the  Tarkio,  the  Nodaway  drain  a  large  basin  in 
southern  Iowa,  coming  into  the  Missouri  a  short  way  above 
St.  Joseph,  where  the  loess  accumulations  are  more  pro- 
nounced than  anywhere  else,  while  the  Platte  river,  drain- 
ing  a  still  larger  area  in  southern  Iowa  though  reaching  the 
Missouri  in  the  vicinity  of  Kansas  City,  passes  within 
five  miles  of  St.  Joseph,  and  is  there  connected  with  the 
Missouri  by  a  low  pass,  which  would  be  submerged  in  the 
more  moderate  of  the  glacial  floods.  The  influence  of  these 
contributors  of  sediment  of  the  lowan  glacier  will  fully 
account  for  the  excess  of  loess  upon  the  east  side  of  the 
river  and  for  its  special  occurrence  along  the  valleys  of 
these  streams  themselves.     Manv  other  streams  similarlv 

ml  . 

related  to  the  lowan  field  cross  the  loess-covered  area 
farther  eastward  towards  the  Mississippi  river. 

2.  Prof.  Shimek  represents  my  description  of  exten- 
sive level-topped  terraces  in  the  loess-covered  area  as  con- 
veying "an  exaggerated  idea  of  the  extent  and  frequency 
of  such  terraces. '*  In  reply  it  is  only  necessary  to  say  that 
the  argument  is  not  dependent  altogether  upon  the  extent 
and  frequency  of  such  terraces.  More  special  attention  to 
one  instance  adduced  will  be  sufficient  here. 

The  fort  at  Leavenworth  is  situated  upon  a  partially 
dissected  terrace  on  the  west  side  of  the  Missouri  river, 
whose  general  level  is  about  150  feet  above  the  river.     This 
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general  level,  which  has  all  the  appearance  of  a  terrace,  is 
covered  with  loess,  and  extends,  upon  an  average,  for  about 
a  mile  back  from  the  river,  where  it  is  bordered  by  an  ab- 
rupt ridge,  rising  about  200  feet  higher.  The  terrace  con- 
tinues southward  through  Leavenworth,  and  is  distinguish- 
able at  Lansing,  a  distance  of  several  miles,  while  on  the 
other  side  of  the  ridge  from  the  fort  the  same  level  con- 
tinues for  an  indefinite  distance  northward.  An  examin- 
ation of  this  one  instance  is  sufficient  to  convince  the  ob- 
server that  wind  alone  would  be  inadequate  to  produce  the 
results.  It  is  just  such  a  result  as  is  continually  being  pro- 
duced by  flooded  streams.  Other  instances  can  be  adduced 
almost  without  number.  Such  a  well-defined  terrace  as 
this  exists  within  the  limits  of  Omaha  itself  at  a  hight  of 
100  to  150  feet. 

3.  The  question  concerning  the  prevalence  of  land 
snails  in  the  loess  and  the  absence  of  distinct  water  species 
is  answered  by  observations  recently  made  by  Miss  Owen 
on  the  fossils  of  the  loess  at  St.  Joseph  soon  to  be  published. 
If  I  am  not  mistaken  distinct  water  species  are  not  often 
found  upon  the  flood-plains  of  streams,  where  the  water 
remains  for  only  a  short  time. 

4.  In  ^'stripping  of  its  verbiage"  my  account  of  the 
glacial  bouldcVs  found  at  Tuscumbia,  sixty  miles  above  the 
mouth  of  the  Osage  river,  Prof.  Shimek  has  stripped  it  of 
its  principal  significance.  He  adduces  the  case  of  a  small 
boulder  found  at  Eureka,  Kan.,  75  miles  southwest  of  the 
extreme  limit  of  glaciation  in  the  valley  of  the  Arkansas 
river  as  comparable  in  significance  to  the  clusters  of  bould- 
ers weighing  several  tons  which  were  found  in  the  trough 
of  the  Osage  river.  But  there  is  really  no  comparison  be- 
tween the  facts.  The  Eureka  pebble  may  in  some  way 
have  come  down  the  Arkansas  vallev  from  the  Rockv 
mountains,  or  it  may  have  been  carried  some  distance  by 
the  hands  of  man,  for  it  only  weighed  360  pounds.  But  the 
Osage  river  boulders  (one  of  which  would  weigh  three  or 
four  tons)  tell  a  very  different  story,  as  any  one  who  reads 
my  description,  giving  due  weight  to  the  "verbiage,"  may 
easilv  see. 

5.  In   connection   with    the   same   criticism   and   one 
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which  follows  relating  to  the  inadequacy  of  the  floods  I  had 
supposed  to  account  for  the  highest  deposits  of  loess  it  is 
important  to  call  renewed  attention  to  a  point  explicitly 
made,  that  the  supposed  adequateness  of  the  flood  to  ac- 
count for  the  phenomena  was  dependent  upon  the  suppo- 
sition of  a  differential  depression  of  the  land  to  the  north. 
This  is  necessary  to  secure  the  gradient  supposed  for  the 
production  of  the  slow  rate  of  the  current  which  passed 
through  the  narrow  place  of  the  Missouri  trough.  This 
differential  depression  towards  the  north  is  in  analog>'  with 
all  the  positive  facts  that  are  known  upon  the  subject,  and 
is  therefore  lawfully  made,  and  it  provides  that  balancing 
of  forces  which  we  need  to  account  for  all  the  phenomena. 
The  current  was  slow,  not  over  three  miles  an  hour.  Such 
a  current  was  not  sufficient  to  lift  sand  up  to  the  higher 
levels  of  overflow,  where  lakelike  conditions  existed  on 
either  side  of  the  central  flow  of  water.  This  accounts  for 
the  fineness  of  all  that  upland  deposit,  and  indeed  for  the 
deposit  itself.  On  Prof.  Shimek's  theory  the  rapid  current 
of  his  flood  would  have  carried  the  loess  all  down  the  river, 
and  left  nothing  for  the  wind  to  get  at.  The  sandbars  of 
the  Missouri  are  not  covered  with  loess  after  floods. 

6.  Since  publishing  my  last  paper,  I  have  extended 
my  observations  down  the  Mississippi  river  on  both  sides 
to  as  far  as  Vicksburg;  and,  while  not  ready  at  present, 
fully  to  publish  my  conclusions,  I  may  say  that  it  seems 
to  me  we  shall  be  compelled  to  suppose  that  the  epeirogenic 
downward  movement  affected  to  a  considerable  extent  the 
whole  valley  of  the  Mississippi,  this  being  necessary  to  ac- 
count for  the  deep  loess  deposits  covering  Crowley's  Ridge 
on  the  west  side,  and  marking  the  border  of  the  Yazoo 
delta,  often  fifty  or  sixty  miles  east  of  the  Mississippi  river, 
extending  from  Memphis  to  Vicksburg.  In  floods  at  the 
present  time  the  Mississippi  spreads  over  this  delta,  form- 
ing a  slowly  moving  temporary  lake  seventy  miles  wide. 
With  larger  floods  and  more  abundant  supply  of  loess,  the 
Mississippi  would  be  now  rapidly  building  up  a  loess  ter- 
race over  that  region  in  which  there  would  be  no  inter- 
mixture of  sand,  and  over  which  the  water  would  not  re- 
main long  enough  to  support  the  distinctively  water  species. 
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of  moUusks.  Moreover,  there  would  be  ample  time  for  the 
annual  growth  of  vegetation  which  would  prevent  the  wind 
from  seriously  modifying  the  deposit.  The  analogy  be- 
tween such  conditions  and  those  which  must  have  pre- 
vailed in  the  vicinity  of  Carrollton,  situated  on  the  margin 
of  the  loess  east  of  the  Yazoo  delta,  was  very  striking  and 
suggestive. 


CHEMISTRY   OF   CALIFORNIA   PETROLEUM.* 

r  Paul  W.  Pbutzman. 

I  The  chemistry  of    the  petroleums    produced   in    Cali- 

^ 

f  /        fornia  is  involved  in  considerable  obscurity.       Investiga- 

'  tions  of  this  character  are  so  difficult  and  tedious,  and  the 

rewards  so  doubtful,  in  a  practical  way,  that  very  little  re- 
^  search  along  these  lines  has  been  attempted,  and  it  is  prob- 

able that  no  single  sample  of  Pacific  coast  petroleum  has 
ever  been  resolved  into  its  proximate  constituents.  But 
though  detailed  information  is  lacking,  some  facts  of  a 
general  nature  may  be  brought  forward, -and  these  points, 
scattering  as  they  may  be,  will  yet  throw  some  light  on 
the  ultimate  nature  of  the  oils  with  which  we  have  to  deal. 
Hydrocarbons. — It  is  very  evident,  from  a  good  many 
considerations,  that  the  hydrocarbons  making  up  the  body 
of  California  petroleum  are  radically  different  from  those 
of  the  oils  of  the  eastern  states.  The  low  flash  point  and 
hoilin^^  point  in  relation  to  the  specific  gravity,  the  prac- 
tical or  entire  absence  of  solid  paraffins,  the  presence  of 
asphalt  in  most  of  our  oils,  and  its  ready  formation  on  heat- 
ing oils  from  which  it  has  been  removed,  or  in  which  it  was 
originally  absent,  the  rapid  fall  in  viscosity  of  the  heavier 
oils  with  rising  temperature,  and  the  strong  tendency  of 
most  of  (uir  oils  to  oxidation,  all  point  to  the  probability 
that  the  composition  of  our  oil  is  quite  distinct  from  that 
of  I^^astern  petroleum. 

The  petroleum  of  the  eastern  states  is  known  to  consist 
almost  entirely  of  paraffins  in  the  lighter  members,  and  of 

*  From  Bulletin  No.  32,  of  the  California  State  Minlnff  Bureau,  ICareh 
1904. 
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paraffins  and  olefins  in  the  heavier  portions.  The  petro- 
leums, of  the  Caucasus  are  stated  to  consist  principally  of 
the  naphthene  group,  while  some  German  petroleums  are 
stated  to  contain  notable  proportions  of  hydrocarbons  of 
the  benzine  series.  Various  observers^  have  found  in  Cali- 
fornia petroleum  all  of  these  constituents,  and  as  a  discus- 
sion of  this  very  abstract  question  would  be  out  of  place 
here,  reference  is  given  to  the  original  papers  for  justifica- 
tion of  the  statement  that  most  California  petroleums,  or 
rather  their  distillation  products,  contain  hydrocarbons  of 
all  the  following  series :  paraffins,  olefins,  probably  acety- 
lenes and  other  highly  unsaturated  compounds,  naphthenes 
(cycloparaffins),  and  aromatic  (benzene)  compounds. 

A  very  lew  of  the  local  oils  give  a  light  distillate  which 
appears,  from  its  specific  gravity  and  other  physical  proper- 
ties, to  consist  largely  of  paraffins,  but  the  major  part  of 
our  oils  give  a  light  distillate  which  is  much  heavier  than  a 
mixture  of  paraffins  of  corresponding  boiling  point  could 
be.  l>y  acting  on  these  gasolines  arui  kerosenes,  the  ole- 
fins may  be  removed,  and  as  sulphuric  acid  used  in  excess 
absorbs  but  a  very  small  proportion,  it  may  be  assumed 
that  the  olefins  are  not  present  in  large  quantity.  After 
rigorous  treatment  with  sulphuric  acid,  a  varying  but  large 
proportion  of  the  oil  is  acted  on  by  nitric  acid,  forming  a 
stable  nitro-compound,  and  leaving  a  residue  which  can  not 
be  further  affected.  This  residue  is  very  much  lighter  than 
the  original  oil,  and  from  its  resistance  to  all  reagents  prob- 
ably consists  of  pure  paraffins.  The  portion  removed  by 
nitric  acid  may  be  either  benzenes  or  naphthenes,  or  both. 
It  is  probable  that  the  latter  is  the  case,  though  the  per- 
centage of  benzenes  must  usually  be  quite  small,  as  the 
gravity  of  benzene  proper  (C^H^)  is  about  28°  Be.,  and 
the  boiling  point  80°,  while  the  gravity  of  local  petroleum, 
distillate  boiling  at  this  temperature  is  well  above  70°  Be. 
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dcr  of  the  crown  including  the  greater  part  of  the  proto- 
loph  is  very  much  damaged. 
jj  The  crown  of  the  molar  obtained  last  summer  is  prac- 

[)  tically  perfect  and  has  been  subjected  to  little  wear  during 

the  life  of  the  animal.  It  is  probably  the  second  molar 
and  is  shown  in  the  accompanying  figures.  This  tooth  is 
brachyodoni,  with  well-developed  low  cross  crests  (proto- 
lopli  and  nietaloph).  The  crown,  seen  from  below,  is  su bob- 
long  in  outline,  transversely  broader  in  front  than  behind, 
and  relatively  narrow  in  an  antero— posterior  direction. 
The  outer  border  (ectoloph)  rises  higher  than  the  cross 
crests.  The  latter  are  unequal  in  length,  the  protoloph  be- 
ing longer,  and  better  developed,  than  the  metaloph.  The 
intermediate  cusps  (protoconule  and  metaconule)  are  both 
well-defined  although  the  protoconule  is  larger  than  the 
metaconule  and  more  distinctly  separated  from  the  proto- 
conc  than  is  the  metaconule  from  the  hypocone.  The  pro- 
tocone  is  slightly  larger  at  its  base  than  the  hypocone.  but 
both  have  about  the  same  bight.  There  is  no  hypostyle. 
The  i)arastyU'  is  large  and  adds  considerably  to  the  crown's 
anterior  trarsverse  diameter.  The  mesostvle  and  meta- 
style  are  distinct,  and  the  ribs  are  distinguishable,  the  an- 
terior one  being  the  better  defined  of  the  two.  The  cingu- 
hini  is  well-(ieveloi)ed  and  passes  from  the  metastyle  entire- 
ly round  the  inner  side  of  the  crown  to  the  parastyle  with- 
out intcTruj)tion  excei)t  for  a  short  distance  on  the  front 
inner  slojx.-  of  the  i)rotocone :  it  connects  in  front  with  the 
])arastylc  wiih  which  the  outer  encf  of  the  protoloph  shows 
a  marked  tendency  to  unite.  Outwardly  the  cingiilum  rises 
on  to  the  ]xirastyle  but  does  not  cross  it;  it  also  merges 
with   the  nu'sostvle  and  metastvle. 

M.  westotii  ai)j)roaches  closely  in  tooth-structure  to 
J/.  Iiitidens-  I  )ou,i:;:lass  ( ( )ligocene  of  Montana)  from  which 
its  ui)])er  molars  are  distinguished  principally  by  the  pres- 
ence of  the  internal  cingulum,  by  the  less  pronounced  para- 
style and  a  pro])ortionately  greater  antero-posterior  diame- 
ter with  the  i)rotoioi)h  more  nearly  equal  in  length  to  the 

•  Anuah    of  the     Carnrfne   Museum,      v«»l.     II.     No.    2.     1908,     New    Verte- 
luatfs    from    the    Montana    Territory  by  Earl  DoufflaM,  p.  Id,   flc  7. 
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metaloph,  as  well  as  by  other  characters.  Af.  ceUr  t  Marsh 
and  M.  montanensisX  Osborn  are  two  other  nearly  related 
but  distinct  species  from  the  Lower  Oligocene.  The  pres- 
ence of  the  internal  cingulum  is  the  most  interesting  char- 
acter in  the  dentition  of  M.  westoni.  This  character  to- 
gether with  the  absence  of  a  hypostyle  points  to  this  species 
being  probably  the  most  primitive  of  the  known  horses  of 
Oligocene  age. 

Xo  teeth  from  the  lower  jaw  were  obtained  during  the 
expedition  of  last  summer.  Figures  of  the  two  lower 
molars,  discovered  in  1884,  are  given  in  Cope's  memoir  of 
1891. 

Measarments  ot    Upper  Molar  obtained  in   1904. 

Transverse   diameter 013 

Antero-posterior    diameter    0102 

Hight  of  protocone   0046 

Hight  of  hypocone    0045 

Hight   of  ectoloph    0062 

Explanation  of  figures. 
Figure   1.     Inferior  view  of  crown  of  upper  molar  of    Mesohippus 

westoni. 
Figure  2.    Exterior  aspect  of  the  same. 
Figure   3.     The   same  viewed  from  within. 
Figure  4.     Anterior  view  of  the  same. 

All  the  figures  are  twice  the  natural  size.:  pa.  paracone;  we 
metacone;  pr.  protocone;  hy.  hypocone;  pi.  protoconule;  ml.  meta- 
conule;  ps.  parastyle;  ms.   mesostyle;  mts.   metastyle. 


EDITORIAL  COMMENT. 


Summer  Courses  in  Field  Geology. 
The  joint  announcement  of  summer  field  courses  in 
geology  from  which  some  extracts  are  given  on  another 
page,  presents  the  opportunity  for  the  field  study  of  geo- 
logy under  experienced  instructors  in  various  parts  of  the 
country  for  the  coming  season,  in  the  form  most  convenient 
for  the  inspection  of  teachers  and  students  at  other  institu- 
tions than  those  which  offer  the  courses.     Courses  given 


t  American     Joutnal    of    Science.    (3),   vol.  vH,  1874,  Notice  of  new  equine 
mammals  from  the  Tertiary  formation,  p.   251. 
1  1904.    Op.    Cit. 
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at  the  various  summer  schools,  in  which  instruction  is 
largely  given  by  indoor  lectures  and  exercises,  are  not  in- 
cluded. 

A  cooperative  statement  of  this  kind  is  in  the  interest 
of  harmonious  competition  and  of  good  fellowship  on  the 
part  of  the  contributing  institutions;  and  it  is  particularly 
in  the  interest  of  teachers  and  students  all  over  the  coun- 
try to  have  the  varied  opportunities  for  field  study  thus 
conveniently  set  forth  for  their  selection. 

In  order  to  encourage  the  taking  of  field  courses  in  this 
field  science,  twenty-five  well  known  colleges  and  universi- 
ties authorize  the  announcement  that  they  will,  under  cer- 
tain conditions,  give  credit  to  any  of  their  students  who 
take  summer  courses,  even  at  other  institutions.  This  is 
a  broad-minded  development  of  the  inter-university  spirit. 
It  is  probable  that  many  colleges  not  in  this  list  will  make 
the  same  liberal  arrangement  with  any  of  their  students 
who  wish  to  utilize  the  summer  vacation  for  geological 
studv. 

It  has  been  suggested  that  the  Intercollegiate  Appa- 
lachian Course  for  the  coming  summer  be  replaced  by  an 
Intercollegiate  AFississippi  Valley  course  in  the  summer  of 
1906.  It  lias  been  further  suggested  that  a  summer  field 
meeting  of  "Section  E"  (geology  and  geography)  of  the 
American  .Xssociation  for  the  Advancement  of  Science  be 
held  at  Syracuse,  X.  Y.,  in  the  latter  part  of  the  week  that 
the  Appalachian  course  o])ens   in  that  interesting  district. 

1'lie  Sectional  Committee  has  the  plan  in  discussion. 
with  authority  from  the  General  Committee  to  hold  sum- 
mer meetings  when  and  where  it  w-ishes. 

Since  the  cliange  of  the  Association  meetings  from  sum- 
mer to  winter.  Section  R.  had  lost  the  benefit  and  pleasure 
of  tlie  field  excursions  that  always  used  to  be  planned  in 
connection  witli  its  sessions,  and  an  experiment  in  the  way 
of  a  return  to  the  wholesome  habit  of  field  meetings  seems 
well  worth  while. 

With  Re(,ari)  To  Portage  Crinoids. 

In  a  recent  contribution  to  the  American  Museum  of 
Natural  History  bulletin,  professor  Whitfield  has  pointed 
out  that  the    Cyathocrinus   ornatissimus    Hall,  which  in  gold 
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decorates  the  cover  of  the  classical  report  on  the  Fourth 
Geological  District  of  New  York,  is  not  what  I  regarded  it 
to  be  in  my  memoir  on  the  Naples  Fauna.  Trusting  to 
the  statement  which  had  been  made  to  me  by  professor 
Hall  that  the  drawing  referred  to  was  raffaelesque  and 
based  on  various  specimens  which  had  passed  into  the  pos- 
session of  Williams  College,  I  proceeded  to  describe  and 
figure  as  the  probable  type  of  that  species  a  specimen  found 
in  the  Williams  College  collections  bearing  a  label  in  pro- 
fessor Hall's  writing.  Professor  Whitfield's  contention  is 
that  the  original  drawing  was  essentially  true  to  nature  and 
that  the  type  specimen  is  in  hi^  collection  in  New  York 
city :  consequently  that  the  species  which  I  figured  as  this 
is  something  quite  different  (I  had  termed  it  -Scytalocrinus 
ornatissimus')  and  identical  with  a  new  species  which  he 
has  termed,  as  type  of  a  new  genus,  Maragnicrinus  port- 
landicus.  I  am  disposed  to  believe  that  professor  Whitfield 
is  altogether  correct  in  his  view  of  these  species  values.  It 
was  a  strange  bit  of  my  collecting  experience  that  no  trace 
of  Cyathocrinus  or  Cosmocrinus  ornatissimus  was  ever 
found  by  me  in  the  Portage  rocks  of  lake  Erie  while  the 
other  species  was.  With  professor  Hall's  statement  in  my 
mind  I  naturally  turned  to  the  Williams  College  museum 
as  the  place  to  find  my  originals  arid  there  they  were — so 
labeled  by  professor  Hall  himself. 

John  M.  Clarkf. 
Albany,  April  S,  1U()5. 


REVIEW  OF  RECENT  GEOLOGICAL 

LITERATURE. 


A  Reconnaissance  in  Northern  Alaska^  across  the  Rocky  Mountains, 
along   Koyakak,  John,  Anaktuvuk  and  Colville  Rivers,  and  the 
Arctic  Coast  to  Cape  Lisbarne,  in  1901.     By  Frank   Charles 
ScHRADBR.  with  Notes  by  W.  J.  Peters.     U.  S.  Geol.  Survey, 
Professional  Paper,  No.  20.     Pages  139;  with  16  plates  (includ- 
ing 4  maps)  and  4  figures  in  the  text.     1904. 
This  exploration,  crossing  the  great  mountain  belt  and  coastal 
plain  of  northern  Alaska,  started  from  Nulato  on  the  Yukon  river, 
ascended  its  large  northern  tributary,  the  Koyukuk,  to  its  branch 
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named  John  river,  near  the  152nd  meridian,  and  thence  extended 
in  a  nearly  due  north  course  through  three  and  a  half  degrees  of 
latitude,  traveling  by  canoes,  by  portage  over  the  Anaktuvuk  pass, 
and  again  by  canoeing  down  the  river  of  that  name  and  the  Col- 
ville  river  to  its  mouth,  with  travel  thence  along  the  coast  of  the 
Arctic  ocean  through  fourteen  degrees  of  longitude  west  to  Cape 
Lisburne.  the  northwestern  corner  of  Alaska. 

On  this  route  the  frontal  ranges  of  the  Cordilleran  belt  tren4 
nearly  east  and  west,  occupying  a  width  ot  about  100  miles,  with 
peaks  of  G,000  feet  altitude  above  the  sea.  To  the  north  a  countrj' 
of  rolling  plains,  the  analogue  of  the  Great  Plains  east  of  the 
Rocky  mountains  in  the  United  States,  stretches  some  80  miles 
i',  in  width,  and  is  succeeded  by  a  nearly  flat  low  tundra  of  about 

the  same  width,  adjoining  the  ocean. 

The  Yukon  basin,  as  the  author  remarks,  seems  comparable 
with  the  great  Interior  Basin  of  the  western  United  States;  and  it 
may  be  further  added  that  the  southern  curving  mountain  ranges 
jl  of  Alaska,  culminating  in  Mts.  St.  Elias  and  Logan,  Wrangell,  and 

{  McKinley.  and  continuing  onward  southwesterly  in  the  Alaska  pen- 

insula and  Aleutian  islands,  are  clearly  correlative  with  the  Sierra 
Nevada  and  Coast  ranges  of  our  Pacific  states. 

Here  the  longest  mountain  series  of  all  the  world  passes  from 
!  the  western  to  the  eastern  hemisphere.     Beginning  at  Cape  Horn 

I  and  running  in  the  Andes  and  Cordilleran  belts  along  the  western 

sides   of   South   and    North    America,   the   same   grand   orographic 
,  features  reach  forward,  beyond  Bering  strait,  through  Kamtchatka, 

'  the   Kurile   islands.  Japan,  Formosa,  the  Philippines,  Borneo,   and 

!  Celebes,  all  the  series  from  Patagonia  to  the  East  Indies  being 

I  nearly   in   the  same  grtat   circle  and  having  together  a  length  of 

'  about  240  degrees. 

I  M(M amorphic    rocks,    principally    sedimentary,    regarded   as   of 

I  Silurian.  Devonian,  and  Lower  Carboniferous  age,  form  the  moun- 

I  tain  belt  crossed  by  this  exploration.     It  is  thought  that  the  meta- 

morphisni  resulted  from  the  processes  of  the  mountain  building. 
which  "seem  to  have  been  in  progress  intermittently  since  Middle 
Paleozoic  time,  and  are  probably   still  going  on." 

Northward,  the  i)lains  bordering  the  mountains  consist  of  Cre- 
tartoiis  and  Tertiary  formations,  the  former  also  having  a  large 
development  southward  in  the  Koyukuk  basin,  and  the  latter  under- 
lying th(-  tundra  region  next  to  the  coast. 

Glaciaiion  here  during  the  Pleistocene  period  was  not  of  a 
continental  character  comparable  with  the  vast  ice  sheet  of  British 
Anicrica  and  the  northern  Ignited  States;  but  It  was  far  more  ex- 
tensive than  has  been  heretofore  supposed.  The  mountains  were 
not  overridden  by  moving  ice,  but  were  the  gathering  ground  of 
thick  snow  and  ice  fields,  whence  broad  piedmont  glaciers,  slmllax 
to  the  Malaspina  glacier  south  of  Mt.  St.  Ellas,  stretched  many 
miles  outward  to  the  north  and  south,  into  the  Colvllle  and  Koyukuk 
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basins.    Their  drift  deposits,  largely  till,  attain  maximum  thick- 
nesses of  100  to  150  feet. 

Ground  ice,  forming  low  sea  clifFs,  sometimes  30  feet  high, 
overlain  by  a  foot  or  two  of  muck,  which  is  carpeted  with  moss 
and  grass,  occurs  along  distances  of  several  miles  at  Halkett  and 
Simpson  capes,  midway  between  the  mouth  of  Colville  river  and 
Point  Barrow. 

Placer  gold  mining  on  the  head  streams  of  the  Koyukuk  river 
has  yielded  somewhat  more  than  $700,000  during  the  years  1899  to 
1903.  this  being  the  only  mineral  resource  utilized  in  the  vast  re- 
gion thus  traversed  between  the  Yukon  and  the  Arctic  sea. 

Bituminous  coal  and  lignite  of  fair  quality  have  considerable 
development  on  the  Anaktuvuk  and  Colville  rivers,  and  also  at  sev- 
eral localities  on  the  Arctic  coast,  where  coal  in  beds  from  1  to  16 
feet  thick  has  been  occasionally  mined  during  the  past  twenty-five 
years  by  the  crews  of  whaling  and  revenue  vessels.  The  coal-bear- 
ing formations  probably  range  in  age  from  the  Jura-Cretaceous  to 
the  Oligocene  Tertiary.  South  of  the  mountains,  the  same  forma- 
tions, with  veins  of  coal  and  lignite,  occur  on  John  and  Koyukuk 
rivers7  and  one  coal  vein  seen  on  the  latter  stream  has  a  thick- 
ness of  9  or  10  feet. 

Snow  was  found  to  average  about  six  feet  deep  in  the  Koyukuk 
valley  in  April,  1901,  but  two  months  later  it  had  melted  away 
from  the  lowlands  of  that  district  w.  u. 

On  the  Origin  of  the  Marine  (HaloUmnic)  Fauna  of  Lake  Tangan- 
yika.    By  W.  H.  HuDLKSTON,  F.  R,  S.     Journal  of  Transactions 
of  the  Victoria  Institute,  London,  vol.  xxxvi,  1904,  pp.  300-351, 
with  two  plate  maps  and  four  figures  in  the  text. 
Lake  Tanganyika,  about  400  miles  long,  2,700  feet  above  tho 
sea  and  having  a  great  depth,  lying  in  a  very  remarkable  north 
to  south  rift  valley  or  graben,  has  numerous  distinctly  marine  types 
of  mollusks,  crabs  and  prawns,  jelly-fishes,  sponges,  etc.,  associated 
with' its  ordinary  fresh- water  fauna.     The  lake  outflows,  in  its  flood 
stages,  by  the  Lukuga  river  to  the  Congo.     None  of  the  many  other 
lakes  of  the  same  large  group,  in  east  central  Africa,  has  such  a 
mingling  of  species  nearly  related  to  marine  forms  with  the  fresh- 
water species. 

Mr.  J.  E.  S.  Moore,  who  visited  lake  Tanganyika  in  1896  and 
again  in  1899  for  thorough  studies  and  collecting  of  its  fauna,  has 
pointed  out  resemblances  of  its  halolimnic  gasteropods  to  fossil 
species  of  the  Inferior  Oolite  in  the  Jurassic  series  of  England  and 
France.  The  author  of  this  paper,  however,  deems  these  resem- 
blances inconclusive  for  derivation  of  the  Tanganyika  gasteropods 
from  the  Jurassic.  More  probably  the  connection  of  this  lake  with 
the  sea,  and  its  separation  and  uplifting  of  the  valley,  belonged  to 
a  much  later  geologic  period;  for  the  prolonged  graben  system, 
in  which  this  valley  is  a  part,  appears  to  date  its  origin  from  Middlv* 
Tertiary  time.  w   u 


250  The  American  Geologist.  ^p"""-  ^^^^ 

Geology  of  the  Vicinity  of  Little  Falls ^  Herkimer  C canty ^  [New  York], 
New  York  State  Museum,  Bulletin  77,  1905.  By  H.  P.  Gushing. 
The  central  portion  of  the  Mohawk  river  beginning  west  of 
Schenectady  and  extending  to  Utica  has  cut  a  deep  trench  in  what 
professor  Tarr  has  called  the  Mohawk  valley  physiographic  pro- 
vince, to  the  north  of  which  the  land  rises  moderately  and  then 
sharply  to  the  slopes  of  the  Adirondack  mountains.  This  valley  is 
the  eastern  gateway  between  the  tide  water  of  the  Hudson,  at 
whose  mouth  lies  greater  New  York,  and  the  great  agriculturiil 
west.  Up  the  Mohawk  valley  passed  the  early  explorers  and  pio- 
neers who  built  the  ancient  highways  which  in  time  were  followed 
by  the  Erie  Canal  and  the  steam'  and  electric  railways.  The  beau- 
tiful scenery  of  this  valley  is  well  known  and  during  the  last  cen- 
tury has  been  admired  by  thousands  of  travelers  between  the  east 
and  the  west.  The  upper  gorge  of  the  Mohawk  river  at  Little 
Falls  has  been  for  many  years  a  region  of  interest  to  the  physio- 
grapher and  geologist.  This  well  written  and  interesting  account 
of  90  pages  describing  the  geology  of  the  Little  Falls  region  by 
professor  Gushing  accompanies  his  geologic  map  of  that  quad- 
rangle. It  is  illustrated  by  15  plates,  most  of  which  are  excellent 
half-tones,  giving  views  of  interesting  exposures  of  the  formations 
or  geologic  structure;  by  14  text-figures  and  a  sheet  of  colored  geo- 
logic sections.  This  region  has  suffered  deformation  by  faulting 
which  has  produced  the  conspicuous  cliff  east  of  Little  Falls  and 
the  geologic  map  shows  two  fault  lines  near  that  city  and  another 
east  of  Dolgeville.  The  Little  Falls  fault  is  said  to  be  the  most 
westerly  known  one  in  the  state  with  "a  throw  of  nearly  or  quit<? 
800  feet."  To  the  east  of  this  quadrangle  numerous  faults  cross 
the  Mohawk  valley,  and  the  reviewer  has  shown  that  the  throw 
of  the  Hoffman  fault,  about  nine  miles  northwest  of  Schenectady, 
is  some  1.600  feet.  The  geologic  map,  which  is  clearly  printed, 
shows  areas  of  both  Pre-Gambrian  igneous  and  sedimentary  rocks. 
nearly  all  the  Lower  Silurian  formations  found  in  the  Mohawk  val- 
ley and  Pleistocene  deposits.  The  Pre-Cambrian  sedimentary 
rocks,  which  are  referred  to  the  Grenville  formation,  are  mapped 
separately.  The  Lower  Silurian  formations  in  ascending  order  are 
mapped  under  the  following  divisions:  Beekmantown  formation; 
Trenton  formation  composed  of  the  Lowville,  Black  river  and  Tren- 
ton limestones;  Trenton-Utica  passage  beds  and  the  Utica  shale. 
Considerable  attention  is  devoted  to  the  character  and  slope  of  the 
Pre-Canibrian  floor  and  the  evidence  of  a  Beekmantown  overlap 
appears  clear  and  decisive.  c  s.  p. 

Recent  studies  in  the  Cambrian  of  Bohemia. 

In  connection  with  the  International  Geological  Congress  at 
Vienna.  Dr.  J.  .1.  .Tahn  has  published  several  short  articles  on  the 
geology  of  the  Palaeozoic  Basin  in  Middle  Bohemia.  One  entitled 
"Geologische  exkursionen  im  Altem  Palaozolkum  Mlttel-Bdhmens,** 
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would  be  a  useful  little  handbook  for  a  geologist  wishing  to  visit 
the  classical  region  in  middle  Europe  where  Barrande  made  his 
important  investigations.  It  contains  quite  a  number  of  sections 
of  typical  localities  of  the  Ordovician  and  Silurian  rocks,  and  one 
of  the  Cambrian. 

A  short  article  [from  Comptes  Rendus  IX  Congres,  g6ol.  in- 
ternat.  de  Vicnne,  1903]  tells  of  excursions  made  to  the  localities 
named  in  the  preceding  article  by  members  of  the  congress  among 
whom  one  finds  the  familiar  names  of  Charles  Barrois,  L.  D0II6, 
T.  de  La  Touche,  C.  Wiman  and  others. 

A  third  article,  "Uber  die  Brachiopodenfauna  der  Bande  d.  1" 
[from  Separat-Abdruck  aus  den  Verhandlungen  der  K.  K.  geolog, 
Reichsanstalt,  1904,  No.  12]  describes  the  Bracbiopoda  of  the  lower 
division  of  Bande  D  at  a  number  of  places.  This  division  d.  1 
contains  the  passage  beds  from  the  Cambrian  to  the  Ordovician, 
and  the  two  types  of  faunas  are  carefully  set  forth  and  distin- 
^£:uished  in  this  paper.  Dr.  Jahn  finds  a  number  of  new  species  of 
Opolella,  Lingula  and  Discina,  which  however  are  not  described 
here. 

Another  article  from  the  same  journal  [No.  9]  is  entitled,  Bin 
Beitrag  znr  Kenntnis  der  Bande  d.  1.  A.  The  rocks  enclosing  this 
fauna,  quartzyte,  grajrwacke,  and  clay  slate,  are  described,  and  the 
species  found  at  several  localities  are  detailed.  Obolus  Barroisella, 
Lingula,  Acrothele  are  the  prevailing  genera;  Orthis  and  Rhynch- 
onella,  also  occur. 

These  articles  revise  the  names  of  Barrande's  genera  and  will 
be  useful  to  the  student.  g.  f  m. 
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CORRESPONDENCE. 


Prof.  Jam^s  Hall  and  the  Troost  manuscript.  In  professor 
Glenn's  recent  biognraphical  sketch  of  Gerard  Troost,  published  in 
the  Geologist  for  February,  occurs  some  reference  to  his  relations 
with  the  late  James  Hall  which  places  the  latter  in  an  unfavorable 
light.  As  professor  Glenn's  reference  to  the  matter  is  not  the  first 
that  has  appeared  in  print  it  seems  to  me  well  and  fair  not  to  per- 
petuate the  statements  there  given. 

Professor  Hall  was  a  vigorous  spirit  in  American  geology,  his 
productivity  was  enormous  and  much  of  the  secret  of  it  was  that 
he  could  and  did  lay  under  tribute  to  his  work  so  many  avenues  of 
supply.  The  excellence  of  his  achievement  and  its  breadth  of 
Bcope  disturbed  many  individual  and  lesser  ambitions,  and  aroused 
some  antagonisms  which  could  not  be  justified.  It  is  history  re- 
peating itself;  the  towering  genius  in  science  sweeps  everything 
before  him  and  human  progress  rejoices  in  the  result,  regarding 
little  the  scars  of  the  luckless  ^ho  got  in  the  way  of  the  triumphal 
car. 

I  speak  in  this  way  for  it  is  even  now  necessary  to  remind 
younger  geologists  that  Hall  was  no  ordinary  figure,  that  he  did 
his  work  under  circumstances  which  no  longer  exist  in  science,  that 
his  capacity  for  production  was  not  less  than  his  capacity  of  ab- 
sorption of  others'  work  and  that  his  excellence  was  the  composite 
result  of  all  these  causes  combined  with  his  wisdom  in  surrounding 
himself  with  competent  observers  whose  fortunes  he  devoted  to  his 
own.  Hall  was  ever  the  target  for  caustic  comment  among  his 
countrymen  and  the  repeated  published  insinuations  of  peccability 
constitute  a  tribute  to  which  he  seldom  took  pains  to  reply.  But  it 
is  appropriate  to  observe  that  the  marks  of  distinction  which  he  re- 
ceived from  the  whole  world  fully  equal  the  sum  total  of  all  such 
honors  borne  by  the  American  geologists  of  to-day,  and  these  were 
pained  when  honors  were  not  easy. 

The  Troost  manuscript  and  materials  on  the  American  crinoids 
was.  as  professor  Glenn  has  said,  more  than  forty  years  in  Hall's 
possession.  It  was  referred  to  him  by  the  secretary  of  the  Smith- 
sonian, professor  Henry,  to  pass  on  its  quality  before  acceptance 
by  the  Smithsonian  for  publication.  If  accepted  the.  materials  on 
which  it  was  based  were  to  become  the  property  of  the  govern- 
ment. It  was  never  accepted  or  recommended  for  publication  and 
therefore  never  became  the  property  of  the  Smithsonian  Institution 
or  National  Museum.  That  the  latter  now  has  possession  is  due 
to  no  proper  ripht,  but  rather  to  the  fact  that  the  executors  of  pro- 
fessor Hall's  estate,  in  their  desire  to  meet  every  validated  claim 
against  it.  were  not  fully  advised  in  this  matter. 

The  entire  lack  of  concern  on  the  part  of  the  secretaries  of  the 
Smithsonian  Institution  in  the  Troost  manuscript  is  indicated  by 
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the  letter  of  professor  Baird  to  Mr.  Meek,  already  twice  published, 
and  by  the  fact  that  it  was  not  a  subject  of  more  than  incidental 
corresi>ondence  between  Hall  and  Henry  or  his  successors.  The 
Smithsonian  acquired  no  title  in  the  property  and  its  secretaries 
recognized  the  fact.  The  documents  and  specimens,  thus,  came 
into  the  hands  of  Hall,  as  the  property  of  Troost;  they  remained 
there  because  they  became  his  own  property.  I  am  not  acquainted 
with  the  proceedings  by  which  this  acquisition-  was  finally  effected. 
Doubtless  the  transfer  was  gradually  worked  out  and  a  full  equiva- 
lent rendered  therefor.  He  has  definitely  stated  that  he  had  ac- 
quired the  title  thereto.  Hall  was  so  open-handed  in  his  distribu- 
tion of  the  costly  volumes  of  the  Paleontology  of  New  York  as  to 
give  the  impression  that  these  public  documents  were  for  gratu- 
itous distribution.  They  were  not.  Hall  bought  his  own  copies 
and  he  used  them  as  a  basis  of  exchange  in  the  acquisition  of 
materials.  There  was  not  in  the  entire  immense  collection  which 
his  death  left  among  his  assets,  a  single  claim  which  had  not  b^en 
fully  extinguished  either  by  payment  of  money  or  by  transference 
of  copies  or  his  books  which  had  cost  him  money.  By  the  latter 
method  the  Troost  title  was  extinguished  and  Hall  had  long  before 
his  death  acquired  full  right  to  use  the  materials  as  he  saw  fit. 

John  M.  Clarke. 
Albany,    March  20,   1905. 


PERSONAL  AND  SCIENTIFIC  NEWS- 


TiiK  Nkw  Yokk  A<'AI)Kmy  of  Scieni/s,  Section  of  Geol- 
og-y  and  Mineralogy,  Meeting  of  March  6,  1905.  Notes  on 
the  Minnewaska  Region,  Ulster  Co.,  New  York,  by  F.  Wil- 
ton James. 

The  stripping  of  the  grit  from  the  crest  of  the  second 
anticline  of  the  Shawangunk*  appears  to  he  due  to  a  slight 
cn^ss  fold  by  anticlinal  fracture  and  erosion,  as  the  rocks 
at  the  southwest  end  of  the  eroded  area  show  an  upward 
pitch.  Through  this  depression  the  Peterskill  probably 
flowed  while  its  own  valley  and  Coxing  Clove  were  dammed 
by  the  front  of  the  ice  sheet,  and  cut  then  the  Faltz  Gap  in 
the  crest  of  the  first  anticline,  200  feet  deep,  through  which 
the  road  to  New  Paltz  now  runs. 

The  basin  of  lake  Minnewaska  is  vertical- walled  except 
at  the  southwestern  end.  The  cliffs  are  highest  under  ClifF 
house,  where  they  stand  160  feet  above  the  surface  of  the 

•  Dartori.  Rep.  47.  N.  Y.  State  Mus. 
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lake  and  65  feet  below  it.  The  grit  is  probably  about  230 
feet  thick  here.  The  walls  are  pierced  by  four  crevasses 
now  filled  with  drift — the  remains  of  two  fissures  crossing 
each  other  at  the  deepest  point  in  the  lake,  74  feet  deep. 
There  is  no  drift  in  the  lake  basin,  not  even  under  the  south- 
facing  cliffs,  although  the  fissure  running  S.  25°  W.  is  filled, 
and  the  transverse  breach  is  blocked  to  150  feet  above  the 
lake.  The  glaciation  is  here  S.  10°  W.  The  cause  of  the 
absence  of  drift  is  not  clear;  elsewhere  the  cliffs  are  heavily 
skirted. 

Lake  Awosting  lies  along  a  vertical  fault  plane,  drift-filled 
at  both  ends.  The  fault  has  not  been  studied.  The  north 
wall  of  the  Palmaghat  is  a  vertical  fault  of  200  feet  throw. 
Both  these  faults  seem  to  be  derived  from  the  overthrown 
anticline  of  the  Coxingkill  escarpment.  Mr.  Darton  is  in 
error  in  declaring  the  absence  of  extended  faults. 

The  next  paper  was  by  Dr.  A.  A.  Julien  on  the  "De- 
termination of  Brucite  as  a  Rock  Constituent." 

After  a  brief  review  of  the  life  of  Dr.  Archibald  Bruce, 
of  New  York  city,  the  discoverer  of  the  mineral,  the  fact 
of  its  wide  distribution  was  set  forth,  both  in  limestones  and 
serpentinoids,  either  in  its  unchanged  condition  or  in  the 
form  of  its  derivatives,  especially  magnesite  and  hydromag- 
nesite,  as  maintained  by  Volger  in  1855.  The  following  are 
its  most  marked  characteristics  for  recognition  as  a  rock 
constituent. 

1.  In  addition  to  the  known  basal  cleavage,  two  other 
systems  may  be  distinguished  on  plates  or  folia ;  that  of  the 
hexagonal  prism,  often  becoming  rhombohedral,  intersect- 
ing at  60"^  o\-  120^  ;  and  that  of  the  hexagonal  pyramid,  in- 
tersecting al  <)0^ . 

2.  Xenialitic  structure  or  fibration,  commonly  occurr- 
ing in  bruciie  within  serpentinoids  subjected  to  dynamic 
stresses.  The  major  axis  of  elasticity  always  lies  parallel 
to  the  direction  of  the  fibers. 

3.  Refractive  index  1.57,  sufficient,  when  the  asso- 
ciated minerals  are  pure,  to  distinguish  it  by  the  Becke 
method  from  serpentine  on  the  one  hand  and  from  amphi- 
boles,  dolomite,  etc.,  on  the  other. 

4.  Birefringence  (y— ^8=0.020)  presenting  interfer- 
ence colors  of  the  upper  first  order  up  to  skyblue  of  lower 
second  order,  in  plates  or  sections  of  the  usual  thinness. 

3.  Characteristic  strain  phenomena;  particularly  by 
disturbance  of  the  interference  figure,  examined  by  con- 
vergent light  in  basal  cleavage  plates  or  folia;  also  by  % 
variable,  small  extinction  angle  in  sections  parallel  to  the 
vertical  axis. 
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6.  Optically  positive  character  of  the  uniaxial  figure, 
in  distinction  from  talc,  serpentine,  etc. 

7.  Occasional  twinning,  observed  in  crystals  enclosed 
in  limestone. 

8.  Certain  chemical  tests,  in  confirmation  of  the  op- 
tical diagnosis. 

A  Joint  Announcement  of  Field  Courses  in  Geology; 
Summer  of  1905,  has  lately  been  issued,  containing  a  list 
•of  field  courses  in  geology  offered  for  the  summer  of  1905 
by  several  universities  in  different  parts  of  the  United 
States. 

The  colleges  and  universities  named  in  the  list  below 
have  agreed,  under  certain  conditions,  to  give  credit  for 
summer  field  work  in  geology  in  such  courses  as  are  de- 
scribed in  the  joint  announcement.  Students  in  any  of 
these  institutions  who  wish  to  take  advantage  of  this  ar- 
rangement must  previously  consult  the  Dean  of  the  de- 
partment in  which  they  are  registered,  as  to  the  course  that 
they  wish  to  take  and  as  to  the  requirements  for  gaining 

credit  for  work  done  in  it. 

Amherst  CoHege.  University  of  Missouri. 

Beloit  College.  University  of  North  Carolina. 

University  of  Chicago.  Northwestern  University. 

Colgate  University,  Oberlin  College. 

Columbia  University.  Ohio  Wesleyan  University. 

Hamilton  College.  University  of  Rochester, 

Harvard  University.  Syracuse  University. 

Johns  Hopkins  University.  University  of  Toronto. 

University  of  Kansas.  Vanderbilt  University 

Massachusetts  Institute  of  Wesleyan  University. 

Technology.  Western  Reserve  University. 

McGill  University.  WUliams  College. 

University  of  Michigan.  University  of  Wisconsin. 

X'niversity  of  Minnesota.  Yale  University. 

The  number  of  courses  offered  and  the  professors  from 
whom   the  joint     annolincement     and     information   about 

special  courses  may  be  obtained  are  as  follows: 

Intercollegiate  Appalachian  Course — Prof,  W.  B.  Clarlc. 

X'niversity  of  Chicago,  (Five  Courses) — Prof.  R.  D.  Salisbury. 

Columbia  University,  (One  Course) — Prof.  A.  W.  Grabau. 

Harvard  University,  (Three  Courses) — Prof.  J.  B.  Woodworth. 

Johns  Hopkins  University,   (One  Course) — Prof.  W.  B.  Clark. 

I'Uiversity   of  Kansas,    (One    Course) — Prof.   E.   Haworth. 

University  of  Minnesota,  (Two  Courses) — Prof.  C.  W.  Hall. 

University  of  North  Carolina,  (One  Course) — Prof.  C.  Cobb. 

Ohio  State  University,  (One  Course) — Prof.  C.  S.  Prosser. 

I>eland  Stanford  Junior  University,  (Two  Courses) — Prof.  J.  C. 
Branner. 

University  of  Wisconsin,  (One  Course) — Prof.  W.  H.  Hobbs. 

The  courses  announced  for  relatively  distant  fields 
are:  Glacial  Geology  in  the  Rocky  Mountains  by  Prof. 
Salisbury  of  Chicago;   General   Geology   in   Montana,  by 
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Prof.  Woodworth  of  Harvard;  a  visit  to  Iceland,  by  Prof. 
Jaggar  of  Harvard;  two  courses  at  the  Minnesota  Seaside 
Station  on  the  Pacific  Coast,  by  Prof.  C.  W.  Hall  of  Min- 
nesota. 

The  Intercollegiate  Appalachian  Course  of  five  weeks^ 
duration,  for  men  only,  will  be  given  under  the  direction 

of  several  instructors,  as  follows : 

July  3-8. — Professor  W.  B.  Clark,  of  the  Johns  Hopkins  Uni- 
versity, Baltimore,  Md.,  on  the  Tertiary  and  Cretaceous  Strata  of 
the  Coastal  Plain  of  Maryland;  July  10-15,  Professor  W.  M.  Davis, 
of  Harvard  University,  Cambridge,  Mass.,  on  the  folded  Palaeozoic 
Strata  of  the  Susquehanna-Juniata  district  of  Pennsylvania;  July 
17-22,  Professor  T.  C.  Hopkins,  of  Syracuse  University,  Syracuse, 
N.  Y.,  on  the  horizontal  Palaeozoic  Strata  and  Glacial  Features  of 
Central  New  York;  July  24-29,  Professor  H.  P.  Cushing,  of  West- 
em  Reserve  University,  Cleveland,  Ohio,  on  the  faulted  Crystalline 
and  Palaeozoic  Rocks  of  the  Little  Falls  district,  N.  Y.:  July  31- 
August  5,  Professor  J.  Barrell,  of  Yale  University,  New  Haven, 
Conn.,  on  the  Metamorphic  and  Triassic  Rocks  of  Western  Con- 
necticut. ^ 

A  circular  giving  fuller  details  of  the  course  can  be  had  of 
professor  Clark.  The  work  of  each  week  may  be  taken  separately 
If  desired. 

Geological  Society  OF  Washington.  At  the  meeting 
of  February  22d  the  following  was  the  program  :  "The 
time  element  in  stratigraphy  and  correlation."  T,  W.  Stan- 
ton, with  discussion  by  W.  H.  Dall,  E.  ( ).  Ulrich.  David 
White.  At  the  meeting  of  March  8th  the  following  pro- 
gram was  presented :  ^'Subterranean  gases  at  Cripple 
Creek,"  Waldemar  Lindgren ;  "Ore  deposits  of  Bingham, 
Utah/'  J.  W.  Boutwell ;  **An  asi)halt  lake  near  Tampico, 
Mexico,"  W.  H.  Weed. 

At  the  meeting  of  March  22d  the  following  papers  were 
presented :  "The  coal  measures  of  Southern  Brazil,"  T.  C. 
White;  "Flora  of  the  Brazilian  coal  measures,"  David 
White;  "Tourmaline  mines  of  California,"  W.  T.  Schaller. 

United  States  Geological  Survey. 

Among  the  recent  publications  are: 

"Kittanning  (Pa.)  folio.  No.  115,"  by  Charles  Butts. 

"(leology  and  water  resources  of  Central  Oregon,"  by 
I.  C.  Russell;  Bulletin  No.  252. 

"Report  of  coal  tests  made  at  Louisiana  Purchase  Ex- 
position," by  E.  W.  Parker.  J.  A.  Holmes,  and  M.  R. 
Campbell.     Bulletin  No.  261. 

"Lignite  of  North  Dakota  as  applied  to  irrigation,"  by 
F.  A.  Wilder.     Water  Supply  and  Irrigation  Paper  No.  117. 

"Water  powers  of  Alabama,"  by  B.  M.  Hall.  Water 
Supply  and  Irrigation  Paper  No.  107. 

Among  the  topographic  maps  recently  issued  are  the 
following :     Ouray,  Colo. ;  Needles  Mountains,  Colo. 
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At  the  University  of  Nebraska  plans  are  being  carried 
out  for  the  erection  of  a  building  to  accommodate  the  de- 
partment of  geology  and  the  state  museum,  both  of  which 
have  far  outgrown  their  present  accommodations.  Hon. 
Charles  H.  Mtorrill  has  offered  to  renew  his  annual  donation 
of  $1,000  for  the  pursuit  of  geological  investigation. 

Mr.  R.  W  Anderson,  a  senior  in  the  department  of 
geology  at  Stanford  University,  left  San  Francisco  in  Janu- 
ary' for  a  year's  geological  study  in  Japan  and  China.  He 
accompanies  his  brother,  who  is  collecting  in  those  coun- 
tries for  the  Zoological  Society  of  London. 

The  Geological  Mapping  of  the  region  about  Mount 
Hamilton,  California,  will  be  begun  this  coming  summer  by 
advanced  students  from  Stanford  University,  under  the 
direction  of  professors  Branner  and  Newsom. 

The  Committke  on  ISciknck  and  Arts  of  the  Franklin 
Institute,  Philadelphia,  has  recommended  to  the  Board  of 
Citv  Trusts  that  Dr.  Persifor  Frazer  be  awarded  the  John 
Scott  legacy  premium  and  medal  for  his  "system  of  quanti- 
tative colorimetry"  for  determining  the  genuineness  of  ex- 
hibits of  handwriting.     (  Science.  ) 

Thk  0.  L  Herrick  Memorial  FiNh  has  been  estab- 
lished at  Denison  University,  Granville,  r)hio,  for  the  i)ur- 
pose  of  perpetuating  the  memory  of  the  late  C.  L.  Herrick. 
The  first  purpose  of  the  committee  having  it  in  charge  is  to 
secure  for  Denison  University  Dr.  Herrick's  scientific  libra- 
ry, and  later  to  create  a  fund  for  the  maintenance  of  the 
serials  represented  in  the  library,  and  otherwise  to  foster  the 
interests  of  science.  A  friend  has  promised  to  duplicate  all 
subscriptions  made,  for  this  pur])ose  ])rior  to  July  i,  1905. 
Contributions  may  be  sent  to  Prof.  Frank  Carney.  Gran- 
ville, Ohio. 

Professor  Albert  A.  Wright,  professor  of  <TtM.)lop^y  and 
zoology  in  Oberlin  College,  died  of  paralysis  on  A])ril  jnd 
at  C)berlin,  Ohio. 

Thursday  Morning,  March  30th,    Baknkv    Mkmokiai. 

Hall, generally  known  as  Science  Hall,  of  Denison  rni\  t*r- 
sity  at  Granville,  Ohio,  was  burned.  This  buildinj^  con- 
tained the  departments  of  chemistry,  ])hysics.  botany,  bi- 
ologv*  and  geology  and,  with  the  exce])iion  of  3Lj:e«)l<)oy, 
nearly  all  the  collections  and  equipment  were  lost.  In  addi- 
tion the  scientific  library  of  the  late  Dr.  Clarence  L.  Her- 
rick and  that  of  the  Bulletin  of  the  Science  Laboratories 
of  Denison  University,  were  burned.  Ilie  <x^N)lonrical  de- 
partment had  expended  over  $5,000  during  the  winter  for 
additions  to  its  collections  and  equipment  and  most  of  this 
material  was  saved.  The  total  loss  to  the  University  is 
estimated  as  about  $95,000,  part  of  which  is  covered  by 
insurafice. 
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AuuU8T  Michel  Levy,  Director  of  the  Geological  Sur- 
vey of  France,  has  been  offered  the  position  of  professor  of 
Geolog>^  and  Mineralogv^  in  the  College  of  France,  vacant 
since  the  death  of  professor  F.  Fouqiie. 

New  Mexico  Geological  Survey — The  Legislature  of 
New  Mexico  at  its  recent  session  just  closed  passed  a  law 
establishing  a  State  Geological  Survey,  making  an  appropri- 
ation of  S6.000.  The  work  is  to  be  conducted  under  the 
supervision  of  the  board  of  trustees  of  the  Xew  Mexico 
School  of  Mines  at  Socorro.  Already  considerable  new  and 
valuable  geological  information  had  been  collected. 

II.  V.  Wi^cHELL,  BrTTE,  MoNTANA,  returned  recent- 
ly from  an  extended  tour  of  examination  of  the  western 
mining  districts.  In  a  personal  letter  he  says,  "I  saw  much 
of  interest  in  my  tour  around  through  Oregon,  California 
and  Southern  Nevada.  Each  year's  experience  only  serves 
to  impress  more  strongly  on  my  mind  the  great  importance 
of  climate  and  topography,  of  latitude  and  geography  in  the 
formation  of  ore  deposits.  Aside  from  the  presence  of 
eruptive  rocks  and  the  subsequent  flow  of  hot  waters  there 
are  no  factors  of  such  importance  as  climate  and  topb- 
grai)h.y.  Give  me  the  southern  deserts  where  the  rocks 
are  slowly  altered  for  ages  by  surface  waters  which  oxidize 
faster  than  they  erode  instead  of  the  Alaskan  and  Canadian 
mountains  where  erosion  is  more  rapid  than  oxidation. 

Goldfifld,  Xevada  is  a  busy  place  but  little  more  than 
a  year  old  and  is  j8  miles  from  a  railroad  in  a  desert  coun- 
try. Yet  it  has  electric  lights,  city  water,  four  banks,  many 
stone  buildings  and  a  population  of  7.000  or  8,000  people. 

It  is  in  the  center  of  a  mining  camp  five  or  six  miles 
s<|uare  which  seems  to  have  promise  of  a  great  future.  The 
ore  is  in  and  much  asscKiated  with  rhyolyte  dikes  cutting 
andesyte.  Water  is  found  at  the  depth  of  about  200  feet, 
and  below  water  the  ore  contains  pyrite,  gray  copper,  bis- 
muth, sulphide,  tellurides  and  free  gold.  The  camp  has 
l^rodiKH'd  more  than  two  million  dollars  in  gold  in  18 
nionllis  of  slii])])in<:!:  (^re  worth  over  $100  per  ton.  Other 
districts  around  that  country  such  as  Tonapah,  Bull  Frog. 
t'tc.  are  also  ])ro(lucing  high  grade  ore  and  the  fortunate 
<liscovorers  are  wcalthv  before  thev  know  it. 

At  Portland  1  went  to  the  exposition  grounds.  They 
arc  not  immense  like  those  at  St.  Louis,  but  very  well  laid 
out  and  the  l)uildin<rs  are  attractive. 
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lENJAMIN   WEST   FRAZIER. 

PORTRAIT—PLATE   XV. 

This  thorough  and  learned  geologist,  mineralogist,  and  me- 
tallurgist, was  bom  in  Philadelphia,  October  3,  1841,  and  died 
January  4,  1905,  aged  sixty- four  years,  in  Bethlehem,  Pennsyl- 
vania, at  the  head  of  the  department  of  Mineralogy  in  Lehigh 
University. 

It  has  been  the  melancholy  duty  of  the  present  writer  to. 
prepare  obituary  notices  of  several  leading  members  of  our 
profession  in  these  and  other  columns,  and  it  has  always  hap- 
pened thaf  the  study,  for  this  purpose,  of  each  character,  has 
revealed  one  or  more  admirable  traits  which  assisted  the  pos- 
sessor to  his  place  in  the  world  of  science.  In  the  present 
case  the  enviable  characteristics  of  professor  Frazier,  while 
assisting  him  to  deserve,  have  hindered  him  from  accepting, 
the  very  eminent  place  as  a  man  of  science  which  is  his  right. 

He  entered  the  sophomore  class  of  the  department  of  Arts 
of  the!  University  of  Pennsylvania  in  1856,  graduating  in  1859. 
The  period  between  this  and  his  departure  for  Europe  was 
occupied  partly  in  the  counting  house  of  his  uncle,  Joseph  Ca- 
bot; partly  in  reading  law;  and  finally,  when  he  had  decided 
upon  a  scientific  career,  in  preparation  at  Booth  and  Garrett's 
chemical  laboratory. 

The  studies  which  he  had  intended  should  fit  him  for  his 
profession  were  interrupted  by  the  civil  war  of  1861,  during 
the  course  of  which  he  twice  served  with  the  emergency  men 
of  the  Pennsylvania  militia.  On  the  re-establishment  of  peace 
he  married  Miss  Alice  Qarke  of  New  York,  and  with  his  bride 
visited  Europe  to  attend  the  best  technical  schools  of  geology, 
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mineralogy,  metallurgy',  and  mining.  This  took  him  to  the 
ficole  des  Mines  at  Paris;  to  Heidelberg;  and  in  1866  to  the 
Bergakademie    founded    by    Werner    in    Freiberg,    Saxony. 

He  and  the  present  writer,  whose  families  as  well  as  them- 
selves had  always  been  on  the  most  cordial  terms,  attended 
at  the  same  time  the  same  University,  subsequently  occupied 
adjoining  tables  in  Booth  and  Garrett's  laborator)-,  and  found 
themselves  again  fellow  students  at  Freiberg. 

In  addition  to  this  parallelism  of  career  the  ver\'  slight  dif- 
ference in  the  spelling  of  their  family  names  and  the  usual 
confusion  in  Saxony  between  B  and  P  led  to  many  humorous 
mistakes  of  identity  in  which  then  as  now  the  memorialist  re- 
garded as  his  the  gain  from  such  an  error.  After  returning  to 
the  United  States,  professor  Frazier  engaged  for  a  short  time 
(luring  1869-70  in  the  business  of  sugar  refining,  but  finding 
business  affairs  distasteful,  accepted  the  combined  chairs  of 
mining  and  metallurgy  in  Lehigh  University  from  1870  to 
1880. 

His  develoi)ment  of  the  instruction  in  these  subjects  was  so 
masterly  that  it  became  necessary  to  separate  them.  In  1880 
he  assumed  charge  of  the  instruction  in  mineralog\'  and  metal- 
lurgy, which  ultimately  met  the  same  fate,  and  professor 
I^Vazier  finally  confined  his  personal  instruction  entirely  to  the 
subject  of  mineralogy  which,  as  he  interpreted  its  duties,  was 
as  much  as  one  man  could  attend  to. 

All  this  is  mere  statistics  and  gives  no  insight  into  what  the 
subject  of  this  sketch  was  actually  doing  to  fulfill  the  duties  of 
his  chairs  accordini,^  to  his  own  high  standard.  Xo  eflFort  was 
>liirl<e(l,  n<.  self  sacrifice  avoided,  which  could  make  his  courses 
iin»re  jH-rfect.  lint  working  thus  to  satisfy  his  conscience  he 
perilled  li.  >irive  e(|ually  to  kcej)  his  labors,  and  even  his  high 
attainment^,  fi'nii  the  knowledge  of  the  world;  in  which  latter 
elTort  lie  wa>  fortmiately  not  S(.)  successful. 

It  is  interistinL^  ti»  in(|uire.  what  were  the  qualities  which 
\\i>\\  the  I'.ve  an«l  res])ect  of  all.  ])ossessed  by  this  gentleman  who 
newr  exeroi^rd  any  hnt  a  liralihy  and  ennobling  influence  onhis 
fell^'W  creature^;  wli<'«^e  character  the  present  writer,  and 
f1(^nl)!U'<<  many  aniitlier.  lias  nficii  snmmone<l  before  his  mind 
as  an  ins])iraii(in  when  the  true  path  of  duty  seemed  difficult  to 
find. 
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They  wx>uld  perhaps  be  best  comprehended  in  the  idea  asso- 
ciated with  the  term  '^religious."  They  included  earnestness, 
self-abnegation,  courage,  and  the  loftiest  aims. 

It  is  quite  inrpossible  for  one  who  knew  hin^  to  imagine 
Benjamin  Frazier  influenced  in  word  or  act  by  any  other  con- 
siderations than  the  desire  to  say  that  which  was  entirely  true, 
and  at  the  same  time  to  avoid  grieving  or  injuring  others;  or 
failing  to  give  freely  and  without  stint  the  ripe  fruit  of  his  ex- 
perience for  the  benefit  of  friend  or  stranger  who  asked  any 
proper  question ;  or  influenced  by  anything  but  duty  without  re- 
gard to  consequences  in  deciding  a  course  of  action ;  or  fixing 
his  eyes  elsewhere  than  on  the  highest  ideals  of  human  con- 
duct, and  living  up  to  them  so  far  as  a  man  can.  It  is  not  only 
inconceivable  that  he  ever  could  have  been  guilty  of  a  base  or 
unworthy  act,  but  it  was  impossible  for  others  to  be  so  in  his 
presence  or  under  his  influence. 

He  was  extremely  sensitive,  possessed  of  an  indescribable 
charm  and  gentleness  of  voice  and  manner  which  at  once  pro- 
claimed (in  spite  of  all  his  modesty  could  dp)  the  nobility  and 
purity  of  his  character.  One  found  oneself  wondering  if  he  had 
been  spared  the  coarse  rough  and  tumble  of  most  men's  lives. 
He  had  not,  but  he  escaped  the  visible  scars  which  such  ex- 
periences generally  leave. 

Of  course  he  was  a  Fellow  of  the  A.  A.  A.  S..  a  member  of 
the  American  Philosophical  Society,  and  of  the  American  In- 
stitute of  Alining  Engineers,  etc.  He  could  not  well  help  it ;  and 
he  could  not  have  been  a  member  of  anv  association,  however 
exacting  in  its  intellectual  or  ethical  requirements  for  eligibil- 
ity, which  his  membership  would  not  have  honored. 

He  published  numerous  papers,  all  of  value  because  com- 
posed with  painstaking  care  and  accuracy,  and  sifted  by  a  clear 
judgment.  Such  were  those  on  Air  compression,  Qiimney 
draugiit,  Economy  of  fuel  in  Anthracite  blast  furnaces,  etc. 
The  undersigned  was  under  great  obligations  to  him  for  his 
excellent  advice  as  to  the  new  species  to  be  introduced  into  the 
fourth  edition  of  Tables  for  the  determination  of  Minerals.  All 
suggestions  of  professor  Frazier  were  adopted  and  tdt^cihcr 
they  comprised  nine-tenths  of  all  the  added  species. 

The  best  type  of  gentleman;  a  model  in  consideration  for 
others  as  in  culture,  this  life  brings  home  to  one  the  fact,  which 
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ought  to  need  no  argument,  that  as  the  object  of  science  is  the 
attainment  of  truth,  so  that  of  the  truest  religion  as  well  as  the 
highest  philosophy  is  the  regulation  of  our  conduct  by  this  at- 
tainment. So  far  from  there  being  a  conflict  between  these 
objects  no  one  so  successfully  pursues  either  of  them  alone  as 
both  of  Ihem  together ;  and  this  professor  Frazier  proved. 

It  IS  reassuring  that  such  men  should  be  found  in  this 
epoch  and  country,  as  they  occasionally  are,  resembling  intact 
wax  images  amongst  the  blackened  ruins  of  a  conflagration. 

— Persifor  Vrazcr,  March  24,  1905. 


DEEP  WELLS  AS  A  SOURCE  OF  WATER  SUPPLY  FOR 

MINNEAPOLIS.* 

liy  N.  II.  WiNCiiELL.  Minneapolie.  Minn. 
PLATKS   XVI— XIX. 

Introduction.  It  was  thirty-two  years  ago  that  I  first  made 
observations  on  the  deep  w^ells  of  the  city  of  Minneapolis.  At 
that  linic  a  few  wells  were  active,  flowing,  and  others  rose 
suflicienily  liij^h  to  supply  water  by  pumping.  As  the  survey 
of  the  state  pro.q^ressed  the  conditions  of  the  underlying  rocks 
and  their  <^coj^M'aphic  extent  were  fully  ascertained  and  some 
of  tlie  j>rincii)ks  upon  which  depends  the  water  supply  in 
tiii'.M-  wells  \\K.'Vv  definitely  learned.  It  was  found  that  the 
basi'.i-  iHHlirlyiii^r  ilie  oily  pertained  to  certain  definite  rock 
i.oriz'iis,  ihr  uu:>:(le  limits  of  which  are  represented  upon  the 
'•.ap  !i<r«.wi:'i  rxl'.ibited  (lM.tr.  0-  ^^  this  map  only  two  of 
::-  ri/"!i-  wv^-  sIidwii,  namely,  that  which  is  400  feet  below 
Ilia  'e  aii-.l  that  which  is  joo  feet  below  the  surface.  The 
!"..r:.i  r  cf  il  r  i  l>.i>ins  l:as  an  extent  north  and  south  from  Pine 
V  .'^M  •^'  •  II  ::■'■  n-r:!:  U>  j'aribaiilt  county  on  the  south,  and  from 
\-<:.  "  ••.iljtrn  i-ar:  iA  Wriixiit  county  on  the  west  to  the 
S:.  t  "njix  riv.-r  :i  tl'.e  L-a.-i,  cmbracinir  an  area  of  I o,o8o square 
n::ii>.  lie  tl::ckiu\^s  of  i!.c  HK^k  embraced  in  this  horizon 
i>  :ij)i:r"\::ii'.:' :y  00  :'c«  i.  Snpjiosing  the  rock  thus  em- 
l-racui  t"  !••  '>v"' r.]'i« 'i  ti.r'ji'.^r.out  by  one-tenth  part  of 
i!-  \^\\^<  l!\   w.itv  ;•.  :■  ^-  :rr "^'i.-r  .'f  c;al!nn?;  contained  in  that  res- 
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ervoir  would  be  18,919,196,078,220.  The  upper  basin  spoken 
of,  which  lies  at  a  depth  of  about  200  feet,  extends  approximate- 
ly north  and  south  from  the  vicinity  of  southern  Isanti  county 
to  the  central  part  of  Dakota  county  on  the  south,  and  from  the 
west  in  the  central  part  of  Hennepin  county  eastward  to  the 
central  part  of  Washington  county,  embracing  an  area  of  1,296 
square  miles.  The  sandstone  in  which  this  water  is  contained 
is  about  190  feet  thick,  having  an  average  thickness  perhaps  of 
150  feet.  Supposing  it  to  be  occupied  by  water  in  the  same 
ratio  as  the  other  sandstone  mentioned,  the  amount  of  water 
contained  in  this  reservoir,  would  aggregate  4,054,110,793,200 
gallons.  In  order  to  reach  the  lower  reservoir  by  a  deep 
well  in  the  city  it  would  be  necessary  to  drill  about  400  feet, 
and  in  order  to  reach  the  bottom  of  the  smaller  reservoir  it 
would  be  necessary  to  drill  about  200  feet. 


m 

•  r 

tZ 

'^^A- 

^ 

& 

■£& 

.A,i 


fed^r:::^ 


268  American  Geologist.  May.  i90« 

The  Different  Formations  Underneath  the  City. 

Thickness. 

1.  Drift    10  to  25  feci 

2.  Trenton  Limestone  25  feet  to  30  fed 

3.  St.  Peter  Sandstone 134  feet  to  164  feci 

4.  Shale  in  the  St.  Peter 1  to  5  fed 

5.  St.  Peter  Sandstone 38  feci 

6.  Shakopee  Limestone,  fissured  25  fed 

7.  New  Richmond  Sandstone 2  to  25  fed 

8.  Oneota  Limestone  100  to  150  fed 

9.  Jordan  Sandstone  100  to  140  fed 

10.  St.  Lawrence  Limestone  and  Shale 100  feet  to  125  fed 

11.  Dresbach  Sandstone  and  Shale 100  feet  to  200  fed 

12.  Hinckley  Sandstone  175  feet  to  200  fed 

Conditions  of  Artesian  Water, 

It  was  found  in  the  progress  of  the  surVey  that  these  forma- 
tions which  are  at  a  depth  of  several  hundred  feet  below  the 
city  rise  gently  to  the  surface  in  all  directions,  north,  south 
east  and  west.  For  instance,  the  Jordan  sandstone,  which  is 
here  450  feet  below  the  surface,  rises  to  a  hight  of  an  unknowr 
number  of  feet  above  this  level  in  Pine  countv,  and  in  Sher- 
bume  countv,  and  in  Blue  Earth  countv.  Toward  the  east  in 
Wisconsin  its  actual  outcrop  and  elevation  need  not  be  men- 
tioned, but  it  is  known  to  be  several  hundred  feet  above  the  cit\ 
of  Minneapolis. 

In  the  same  way  the  bottom  of  the  St.  Peter  sandstone 
which  is  here  200  feet  below  the  surface,  rises  into  the  central 
part  of  Anoka  county  to  about  275  feet  higher,  runs  out  or 
the  south  before  reaching  Carver,  and  on  the  east  its  lowest 
horizon  is  in  central  Washington  county  at  a  hight  of  275  feet 
higher  than  in  Minneapolis.  Thus  the  various  strata  con- 
cerned lie  in  each  other  in  the  form  of  bowls  with  the  rims 
rising  to  tlic  surface  at  some  distance  from  Minneapolis  on  all 
sides.  See  figure  2,  the  profile  and  section  from  Stillwater  tc 
Wright  Co. 

Any  geologist  learning  this  condition  of  the  underlying 
strata  would  immediately  infer  the  probability  of  an  artesian 
flow  from  each  of  these  horizons  at  ^linneapolis. 

Dctinition  of  Artesian. 

The  term  "artesian"  has  been  misused  and  considerably  cor- 
rupted.   It  was  derived  from  the  city  in  France  named  Artois, 
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where  the  first  flowing  well  was  produced  by  drilling  into  the 
earth.  From  the  city  the  name  has  been  extended  under  the 
temi  '"artesian"  throughout  all  English  speaking  countries. 
It  is  proper  that  the  term  should  be  restricted  in  its  application 
to  onlv  those  wells  which  have  a  natural  overflow ;  however,  in 
common  use,  the  term  has  been  incorrectly  applied  to  all  deep 
drilled  wells,  whether  they  flow  at  the  surface  or  not.  In  this 
discussion  we  will  apply  the  term  "artesian"  only  to  those  wells 
which  flow  naturally. 

The  Pending  Investigation. 

In  considering  the  supply  of  water  for  the  city  of  Minneapo- 
lis from  this  rock  source  the  inquiry  may  be  divided  into  three 
parts: 

1st.    Is  there  sufficient  water? 
2nd.     Is  it  suitable  for  the  uses  of  a  city  ? 
3rd.     Can  it  be  pumped  to  the  reservoir  ? 
I,    Is  there  sufficient  water?     The  calculation  which  has 
been  made  of  the  cubic  contents  of  the  water  in  two  of  these 
basins  will  convey  at  the  outset  a  correct  idea  of  the  vastness 
of  the  actual  amount  of  water  contained  therein.    It  would  be 
inevitable,  of  course,  that,  however  great  the  amount  of  water 
w  any  basin,   it  should  become  exhausted   after   continued 
pumping  unless  there  was  a  continued  supply.    Therefore,  it 
*s  not  necessary  to  consider  further  the  actual  amount  of  water 
''ut  to  inquire  as  to  the  source  of  the  supply. 

The  Source  of  Supply.     Did  you  ever  pour  a  pail  of  water 

'^Pon  the  ground?    Did   you   ever   empty  a  barrel   of    water 

"Pon  the  ground?    Did  you  ever  empty  twenty  hogsheads 

^^  water    upon    the   ground   and    notice    the    consccjuonccs? 

*/  you  did,  you  observed  the   water   running   in   all    direc- 

^'is,   sometimes    in    little    rills,    sometimes    in    larger,    but 

'^^^imately    sinking    into   the   earth    and    disappeari^.l,^    some 

,     the  larger   streams   running   farther   and   perhaps    niak- 

")ff  little  rivulets  that  ran  for  many  rods  before  they  finally 

'^appeared.     What  would  have  been  the  consequence  it  ilie 

^Pply  which  gave  birth  to  these  little  creeks  had  been  eon- 

^'it?    Of  course,  the  answer  is  self-evident,  the  earth  w«uild 

^^ome  saturated  with  water  and  the  saturation  would  be  fol- 

'^^ed  by  the  production  of  constant  streams.    Such  water  as 

^^into  the  earth  and  saturated  it  would  quickly  pass  through 
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the  porous  gravel  and  sand  until  it  came  to  clay,  which  it  would 
saturate  less  rapidly,  and  it  would  appear  along  the  margins  of 
creeks  and  lakes  in  the  form  of  springs  along  the  upper  surface 
of  this  clay.  After  lapse  of  sufficient  time,  however,  and  owing 
to  many  breaks  in  the  continuity  of  the  clay,  water  gets  below 
the  clay  and  penetrates  in  the  same  way  the  next  lower  layers 
and  so  on  to  the  bottom  of  the  scale  until,  not  only  the  whole 
drift,  but  all  of  the  rocky  strata  become  filled  with  water. 

Now  this  experiment  is  only  the  epitome  of  what  actually 
occurs  in  natur^  The  rains  and  snows  of  the  year  serve  as  a 
constant  supply  to  little  creeks  and  rivulets  which,  uniting, 
form  the  rivers.  The  earth  has  become  saturated  to  its  full 
depth,  including  the  rocky  strata.  It  is  the  surplusage  of  the 
precipitation  of  the  year  which  appears  first  in  the  form  of 
streams  and  then  in  little  creeks  and  then  in  rivers,  which  final- 
ly reach  the  ocean.  This  is  a  very  elementary  principle  of  me- 
teorology and  would  need  scarcely  to  be  mentioned  were  it  not 
for  the  fact  that  the  ground  supply  has  been  said  to  be  less 
constant  and  abundant  than  the  river  supply.  It  is  only  neces- 
sary to  say  that  in  case  of  sufficient  drouth  the  rivers  would 
dry  up  before  the  rock  reservoirs  would,  and  it  would  be  abso- 
lutely necessary  to  resort  to  the  rock  strata  for  a  supply  of  city 
water,  as  is  now  done  in  many  parts  of  the  western  country. 

2.  Is  It  Suitable  for  the  Uses  of  a  City?  I  will  here  call 
your  attention  to  an  important  general  fact  as  to  the  varying 
(|ualiti«.s  oi  the  water  derived  from  deep  wells  within  the 
city  limits,  or  sunk  in  the  surrounding  country  into  the  same 
lurniations.  For  this  purpose  it  is  only  necessary  to  mention 
four  principal  rock  horizons  from  which  watpr  is  obtained. 
The  deepest  is  the  Hinckley  sandstone,  No.  12  of  the  foregoing 
section,  in  which  wells  are  700  to  800  feet  deep;  and,  secondly, 
the  Drcshach  sandstone,  600  feet  down ;  third,  the  Jordan  sand- 
stfMie,  400  to  450  iVct  down;  and  fourth,  the  bottom  of  the  St. 
l\ter  sandstnne.  about  200  feet  down.  It  is  true  that  water 
can  he  olnained,  thoiii^di  in  less  quantities,  at  many  intervening 
dcptlis,  hut  all  oi  tlie  wells  of  the  city  can  be  roughly  classified 
in  these  four  classes.  It  has  hecn  foimd  that  the  water  coming 
from  the  i^reatcst  dei»th  is  the  most  highly  mineralized,  and  the 
water  from  the  least  depth  is  the  most  nearly  soft  and  pure; 
hence,  the  deep  wells  which  reach  700  to  800  feet  and  those 


Artesian  Water  for  Minneapolis,— WincbelL       271 

which  reach  600  feet  are  found  to  be  objectionable  for  steam- 
making  in  boilers  because  of  their  hardness,  producing  a  very 
troublesome  scale.  Such  wells,  therefore,  have  been  objected 
to  very  seriously  and,  since  they  constitute  the  most  used  and 
best  known  wells  in  the  city,  the  whole  scheme  of  artesian  water 
has  been  tabooed  on  account  of  the  bad  reputation  of  these  very 
deep  wells. 

The  wells,  however,  which  are  shallow,  coming  from  the 
Jordan  sandstone  or  the  St.  Peter  sandstone,  afford  a  water 
which  is  not  seriously  subject  to  this  objection.  Chemical  an- 
alysis of  the  water  coming  from  say  400  feet,  shows  that  the 
water  is  very  palatable,  is  free  from  sulphureted  hydrogen  and 
has  hardness  not  much  in  excess  of  that  of  the  river  water.  I 
can  quote  here  the  following  wells  to  illustrate  this  character  of 
water :  The  wells  at  the  North  Star  Malting  Co.  and  the  wells 
at  City  Workhouse,  at  the  Home  for  Children  and  at  the  North 
Star  Woolen  Mill. 

But  the  wells  from  the  St.  Peter  sandstone,  whether  at  the 
full  depth  of  200  feet  or  less  than  200  feet,  afford  a  water  which 
is  still  softer.  This  is  probably  due  to  the  fact  that  this  water 
is  more  nearly  like  the  surface  drainage  of  this  part  of  the  state, 
not  having  come  into  contact  with  contaminating  minerals,  and 
is  more  directly  dependent  on  the  Mississippi  river.  The  chem- 
ical character  of  this  water  is  illustrated  by  analyses  of  the  fol- 
lowing wells :  Groveland  Flats,  the  Baushfield  Wooden  Works, 
Washburn  "C"  mill,  Washburn  "B"  mill,  the  C.  A.  Smith  well 
at  Camden  Place,  and  numerous  others. 

It  is  quite  evident  therefore  that  the  water  which  is  derived 
from  the  St.  Peter  sandstone  does  not  differ  materially  from 
the  spring  water  which  is  distributed  through  the  city  and  sold 
from  wagons,  and  that  it  is  a  little  softer  than  the  river  water 
in  winter.  It  is  also  evident  that  the  water  derived  from  the 
Jordan  sandstone  is  of  a  superior  quality  and  fit  for  all  domestic 
purposes  and  could  be  used  in  boilers,  though  in  some  cases 
perhaps  requiring  a  softener. 

3.  Can  It  Be  Pumped  to  the  City  Reservoir?  Owing  to  the 
existence  of  these  basins  below  the  whole  city  and  extending 
widely  into  the  country,  it  is  evident  that  deep  wells  could  be 
sunk  successfully  to  them  at  any  place  in  the  city  limits.  Since 
the    water    rises    sometimes   to    overflow    and    sometimes   to 
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short  depth  below  the  surface,  it  is  a  practical  mechani- 
cal question  whether  the  water  can  be  handled  and  can 
be  pumped  to  the  existing  city  reservoir  in  northeast  Min- 
neapolis. This  question  is  one  of  hydraulic  engineering, 
which,  to  a  man  who  does  not  profess  to  be  an  engineer,  seems 
to  be  quite  simple,  but  it  is  left  to  the  decision  of  those  who  are 
expert  in  the  handling  of  water.  I  would  make,  however,  only 
this  remark,  namely,  that  it  seems  as  if  it  were  as  easv  to  force 
water  from  the  surface  of  the  ground  from  these  deep  wells  to 
the  reservoir  as  to  force  the  river  water  to  the  same  place. 

IVhich  Basin  Should  Be  Used? 

Owing  to  the  fact  that  the  deepest  wells  afford  a  highly  min- 
eralized water,  and  the  shallower  wells  afford  a  good  water 
suitable  for  all  uses,  we  will  discard  entirely  further  considera- 
lion  of  the  water  from  those  deep  wells  and  will  concentrate 
attention  upon  the  wells — say  from  the  St.  Peter  sandstone. 
At  the  present  time  we  take  this  course — not  because  the  water 
from  the  Jordan  sandstone  is  not  equally  good — but  because  of 
the  greater  availability  of  the  more  shallow  basin  and  because 
of  certain  variations  and  interesting  complications  which  at- 
tend this  basin  within  the  city  limits. 

Extent  and  Variations  of  the  200  Foot  Basin. 

South  of  Basset t*s  creek  on  the  west  side  of  the  river  and 
north  of  Bassctt's  creek  and  at  a  distance  from  the  Mississippi, 
and  in  some  parts  of  Kast  Minneapolis,  extending  slightly  into 
Anoka  county  and  into  Ramsey  county,  the  Trenton  limestone 
covers  the  St.  Peter  sandstone,  but  throughout  a  wide  belt  ex- 
tendini^'  from  the  north  and  turning  westward  and  southwest- 
ward  tliroiiirli  the  city  limits  this  Trenton  limestone  is  wanting 
and  of  course  tlie  (.Irifi  tleposits  come  down  directly  into  con- 
tact with  tile  St.  Peter  sandstone  throughout  that  wide  belt. 
Tlii^  wide  belt  throuj^h  which  the  Trenton  limestone  is  wanting 
is  the  lower  c:rouiul :  the  Mississippi  river  lies  in  it  from  the 
north  bouiKJary  of  the  city  to  the  mouth  of  Bassett's  creek;  it 
then  titriis  westward  uj)  i»assett's  creek  to  near  the  Glenwood 
Sprinirs  at  the  anisic  of  P>asseit's  creek.  The  belt,  however, 
continues  westwardlv  and  south  west  wardlv  to  the  Minnesota 
valley  above  I'ort  Snellin^.  The  beautiful  and  interesting  little 
lakes  in  the  western  part  of  the  city  lie  in  this  belt  where  the 
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Trenton  limestone  is  wanting.  It  is  found  also  that  the  St. 
Peter  sandstone  itself  is  very  much  reduced  in  thickness  and 
that  there  is  quite  an  accumulation  of  drift  materials  upon  the 
remaining  portion  of  the  St.  Peter  sandstone  throughout  this 
belt.  It  seems  that  for  a  long  period  of  time  before  the  Glacial 
period  the  Mississippi  river,  instead  of  flowing  over  the  falls 
of  St.  -/\nthony,  had  a  course  southwestwardly  across  the  city, 
occupying  this  excavated  portion  of  the  St.  Peter  sandstone. 
This  excavation  is  known  to  extend  northward  up  the  Missis- 
sippi valley  as  far  as  the  St.  Peter  sandstone  is  know  to  extend. 
The  width  of  this  old  gorge,  if  we  disregard  the  drift  filling, 
varies  from  half  a  mile  to  a  mile  and  a  half,  or  perhaps  two 
miles,  having  an  average  width  at  least  of  a  mile. 

The  drift  which  lies  in  this  old  gorge  is  frequently  a  lamin- 
ated fine  clay,  having  a  thickness  of  sometimes  fifty  feet.     It 
can  be  seen  at  all  the  brick  yards  in  the  north  part  of  the  city, 
and  it  serves  to  seal,  almost  hermetically,  the  St.  Peter  sand- 
stone upon  which  it  lies,  constituting  a  barrier  against  the  free 
passage  of  water  from  the  sandstone  upward  or  from  the  sur- 
face downward.     The  area  throughout  which  this  gorge  is 
known  to  exist  amounts  to  13J4  square  miles  in  the  city  limits. 
The  structural  relations  of  the  drift,  whether  it  be  till  or 
clay,  or  gravel  and  sand,  to  the  St.  Peter  sandstone  and  to  this 
old  gorge  are  generalized  in  this  diagram : 
Fig.  .3 — Water  Relations  at  the  Glenwood-Inglewood  Springs. 
This  diagram  shows  that  the  drift,  in  more  or  less  unmodi- 
fied state,  lies  upon  the  Trenton  limestone  outside  of  this  old 
gorge,  and  constitutes  the  higher  land  to  the  northwest  and  to 
the  northeast,  as  well  as  to  the  east  and  west.    The  surface 
water  which  falls  upon  these  higher  drift  deposits,  sinking  into 
the  gravel  and  sand,  is  shed  in  the  springs  at  the  top  of  the 
Trenton  limestone  wherever  the  Trenton  limestone  is  exten- 
sive enough  and  impervious  enough  to  shed  it  in  considerable 
quantity.     The  surface  water  which  falls  upon  the  brick  clay 
area,  sinking  into  the  sands  which  cover  the  brick  clay,  is  shed 
either  into  Bassett's  creek  or  into  the  Mississippi. 

There  are  also  areas  where  the  till  of  the  drift  operates  in 
the  same  manner  as  the  Trenton  limestone  and  in  the  same  way 
as  the  laminated  brick  clav  to  confine  water  and  also  to 
shed  water.    Water  which,  sinking  downward,  reaches  this  till 
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layer  is  shed  in  the  form  of  springs  along  its  upper  surface,  and 
water  which  lies  below  it  is  confined  under  hydrostatic  pressure. 
The  detailed  relations  between  the  surface  waters  shed  in  that 
way  and  the  water  of  the  St.  Peter  sandstone  which  lies  below 
the  laminated  clay  cannot  be  ascertained.  It  is  known,  how- 
ever, that  in  many  places  wells  which  penetrate  the  St.  Peter 
sandstone  through  the  laminated  clay  furnish  an  artesian  flow 
of  excellent  water  in  large  amount.  It  is  also  known  that  some 
wells  which  penetrate  the  till  of  the  drift  likewise  furnish  an 
excellent  water  in  large  amount.  The  chemical  resemblance 
between  these  two  waters  will  not  allow  of  their  being  distin- 
guished one  from  the  other,  and  it  is  also  reasonable  to  infer 
that  they  actually  are  practically  one  and  the  same,  especially 
where  the  till  which  furnished  such  flow  lies  within  the  old 
gorge.  Indeed,  it  seems  not  only  possible  but  probable  that  the 
till  here  spoken  of  graduates  into  the  laminated  clay  impercep- 
libly  and  with  it  constitutes  but  one  sheet  of  drift,  which  was 
modified  in  accordance  with  the  conditions  attending  its  depo- 
sition. 

One  of  the  most  interesting  observations  can  be  made  in  the 
valley  of  Bassett's  creek,  just  above  the  angle  of  the  creek,  at 
the  Glenwood-Inglewood  "springs,"  so-called.  The  accom- 
panying diagram  (above)  shows  the  structural  relations  be- 
tween the  different  parts  of  the  drift  and  the  sandstone,  and  the 
different  water  basins.  It  can  be  seen  that  along  the  upper 
sl->pes  of  the  bluffs  which  enclose  Bassctt's  creek  there  is  a  se- 
ries of  springs,  the  water  of  which  is  shed  either  by  the  Tren- 
t-»n  h'mestone  or  by  the  till,  or  by  both,  these  springs  being- 
say-  -  fifty  feet  above  Bassctt's  creek  and  furnishing  an  excd- 
Knr  water  coming  entirely  from  the  drift  deposits.  Whether 
the  water  oi  these  springs,  which  is  still  gathered  into  pipes  and 
which  tlows  to  waste,  was  ever  used  for  distribution  throughout 
iiie  city  of  Minneapolis  I  do  not  know,  but  at  the  present  time 
I  he  wat(T  which  is  distributed  to  the  city  of  Minneapolis  from 
ilie^e  "spring's"'  is  derived  from  below  the  till  deix>sit  and  it 
ri^es  above  the  surface  in  tlie  form  of  an  artesian  water  to  the 
liight  oi  -say — twenty  feel  al)ove  Bassctt's  creek.  Several 
tubular  wells  have  l.uen  sunk  by  the  proprietors  through  the 
till,  which  is  said  to  be  pebbly  but  not  stony,  into  a  water-bear- 
ing stratum  of  sand.    What  lies  below  the  sand  has  not  been 
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ascertained  but  of  course  it  is  the  St.  Peter  sandstone,  and  the 
water  contained  in  the  St.  Peter  sandstone,  more  or  less  under 
hydrostatic  pressure  at  that  place,  permeates  the  drift  sand  and 
rises  through  these  tubes  and  overflows  at  a  hight  of  about,  as 
I  said,  twenty  feet  above  Bassett's  creek.  It  is  conducted  in  un- 
dergrotmd  pipes  and  rises  to  the  roof  of  the  buildings  adjacent 
where  it  is  allowed  to  flow  constantly  and  from  which  buildings 
It  is  conducted  into  wagon  tanks  by  the  simple  action  of  gravity. 
The  capacity,  or  rather  the  amount  of  water  supplied,  by  these 
"springs"  for  the  city  of  Minneapolis  daily  is  about  10,000 
gallons,  and  the  superintendent  stated  that  they  could  supply 
ten  times  as  much  if  there  were  a  demand.  It  might  also  be 
added  that  if  there  were  a  demand  these  same  little  artesian 
wells  could  be  sunk — say  100  feet  deeper,  and  would  furnish 
perhaps  several  million  gallons  daily,  and  if  the  number  of 
these  wells  were  increased  the  reservoir  would  probably  be 
found  inexhaustible,  in  the  same  manner  as  other  wells  sunk 
in  the  St.  Peter  sandstone. 

From  what  has  been  stated  it  will  be  seen  that  the  water  de- 
rived from  the  St.  Peter  basin  cannot  mingle  with  the  surface 
drainage  water  throughout  the  area  of  this  belt  or  gorge  for- 
merly occupied  by  the  Mississippi  river,  that  is,  not  on  a 
large  scale.  The  surface  waters  are  shed  either  by  the  Trenton 
limestone  or  by  the  laminated  clay  or  by  the  till  and  produce  a 
series  of  springs  which  is  entirely  distinct  from  any  spring 
which  issues  from  the  St.  Peter  sandstone,  although,  of  course, 
there  may  be  subterranean  seepages  and  sometimes  considerable 
passages  which  will  conduct  the  surface  water  into  the  under- 
ground reservoir  even  in  the  limits  of  Minneapolis.  These 
small  seepages  downward  of  the  surface  water,  however,  are 
very  inconsequential,  since  the  underlying  water  is  under  hy- 
drostatic pressure  and  the  tendency  is  for  the  underlying  water 
to  crowd  upward  to  the  surface,  driving  the  surface  waters 
away.  Thus,  the  subterranean  rock  basin  is  kept  pure  in  the 
city  of  Minneapolis,  not  admitting  the  surface  water,  while  at 
more  remote  points,  where  the  St.  Peter  sandstone  rises  to  the 
natural  surface,  it  necessarily  receives  the  surface  water  freely, 
a  fact  which  has  already  been  mentioned  and  which  constitutes 
the  supply  which  maintains  the  undcrj^frouiid  waters  of  the 
basin. 
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The  conclusion  to  which  we  are  driven,  by  reasonable  con- 
sideration of  the  facts  that  I  have  presented,  is  necessarily  that 
throughout  this  gorge  wells  may  be  sunk  through  the  clay  or 
drift  deposits,  whatever  they  may  be,  and  into  the  St.  Peter 
sandstone,  and  that  they  will  afford  water  of  the  best  quality, 
which  will  in  many  places  flow  over  the  surface  and  which  will 
in  all  cases  rise  at  least  to  the  level  of  the  Mississippi  river. 
The  area  of  this  belt  amenable  to  such  uses  is  about  13%  square 
miles. 

Artesian  Water  From  the  Bottom  of  the  St.  Peter  Saftdstotii. 

I  will  call  your  attention  now  to  the  diagram  (Fig.  4)  and 
especially  to  No.  4  of  that  diagram,  which  represents  a  shale 
within  the  St.  Peter  sandstone.  This  shale  is  sometimes  all  in 
one  bed  and  is  from  one  to  two  or  three  feet  thick,  but  accord- 
ing to  the  testimony  of  well-drillers  it  is  sometimes  separated 
into  two  or  three  thinner  sheets  and  is  then  interlaminated ' 
with  sand,  the  whole  amounting  to  perhaps  five  feet.  Thii 
shale  bed  serves  as  a  confining  stratum  for  waters  under  hy- 
drostatic pressure  which  are  in  the  St.  Peter  sandstone  below. 
In  some  places  this  shale  is  represented  to  be  near  the  bottom 
of  the  St.  Peter  and  in  other  places  it  is  represented  to  be  aboat 
thirty  feet  above  the  bottom  of  the  St.  Peter  sandstone.  My  at* 
tcntion  was  first  called  to  the  existence  of  this  shale  and  its  ac- 
tion  upon  the  waters  confined  below  it  by  the  record  of  a  deef.  \ 
well  which  I  noticed  and  reported  in  1882.  It  affords  an  over* 
flow  of  artesian  water  in  the  deep  well  at  the  Washburn  C 
mill,  so-called,  situated  near  the  river  on  the  west  side,  oppo- 
site the  falls  of  St.  Anthony.  The  record  states  that  below  thfi 
clay  or  shale  is  a  coarse  white  sand  rock,  from  which  water  riseH^ 
U)  the  surface  from  the  depth  of  183  feet.  As  the  water  hei»: 
rises  to  the  surface  of  the  ground  there  is  an  indication  thilj 
the  stratum  of  clay  is  of  considerable  extent  laterallv. 
shaU*  bed  is  probably  passed  through  by  every  drilled  well  tl 
j:::oes  to  that  do[)th.  In  some  cases  it  is  distinctly  noted  in 
record  of  deep  wells,  but  in  many  cases  it  is  not  noted,  the  di 
lers  havinjj^  ij^norcd  it.  In  the  West  Hotel  well  this  shale 
met  at  a  deplh  of  i(>S  feet,  and  in  the  sand  rock  below  it 
found  the  first  water  at  a  depth  of  178  feet.  Shakopee  lit 
stone  was  then  met  at  a  further  depth  of  24  feet.  In  this  1 
also  this  shale  which  gave  the  first  water  was  disregarded. 
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I  am  informed  by  Mr.  McCarty,  who  has  drilled  many  wells 
,  in  the  city  of  Minneapolis  and  in  the  surrounding  country,  and 
in  St.  Paul,  that  habitually  water  rises  nearly  or  quite  to  the 
surface  from  below  this  shale.  Mr.  Hogeland  states  that  he 
has  drilled  more  than  50  wells  in  the  city  which  obtained  abun- 
dant water  from  below  this  shale,  the  water  rising  nearly  or 
quite  to  the  surface.  Mr.  McCarty  states,  however,  that  al- 
though it  is  impossible  to  exhaust  the  water  found  in  this  under- 
lying sandstone,  in  case  of  hard  pumping,  the  sand  itself,  which 
is  incoherent,  is  apt  to  come  with  the  water  and  injures  the 
pumps.  In  order  to  obviate  this  difficulty  he  has  resorted  to  an 
ingenious  method  of  sinking  the  well  into  the  underlying  lime- 
stone (the  Shakopee),  which  he  finds  is  fissured  and  veined 
and  so  open  that  water  usually  flows  freely  into  the  bore  hole. 
Such  water  is  the  same  as  in  the  sandstone  above,  and  passes 
downward  into  the  crevices  of  the  limestone,  which  acts  as 
a  filter  and  abstracts  the  sand  before  it  reaches  the  bore  hole. 
This  water-bearing  stratum,  lying  below  this  shale,  is  substan- 
tially the  same  water  as  in  the  sandstone  above  the  shale,  but 
as  a  system  of  wells  these  should  be  kept  distinct  from  those  of 
the  St.  Peter  sandstone  already  mentioned,  held  under  hydro- 
static pressure  by  the  brick  clay. 

While,  as  already  stated,  the  ground  and  the  rocks  underly- 
ing are  permeated  by  water  and  often  saturated,  there  should 
be  made  an  important  exception  so  far  as  Minneapolis  is  con- 
cerned. Not  only  is  the  drift  itself  drained  sometimes  very  dry, 
by  reason  of  the  shedding  of  the  surface  waters  by  means  of 
springs  into  lakes  and  streams,  but  the  St.  Peter  sandstone  it- 
self is  in  many  places,  especially  in  proximity  to  the  river  gorge 
below  the  falls  of  St.  Anthonv,  found  to  be  dry  throusrh  its 
upper  25  to  30  feet.  The  dryness  of  the  St.  I*ctcr  sandstone 
of  course  has  to  be  attributed  to  the  action  of  the  river  gorge 
in  draining  the  upper  portion  of  the  sandstone  down  to  the  level 
of  the  river,  below  the  falls  of  St.  Anthony.  xAt  some  distance 
from  the  river  gorge  beyond  the  immediate  action  of  the  drain- 
age of  the  river  this  sandstone  is  filled  with  water. 

Ohjectioyis. 

I  wish  to  consider  now  some  objections  that  have  been 
brought  against  the  idea  of  deep  well  water  for  the  city. 
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;•    /  Too  Hard. — It  has  already  been  stated  that  the  character  of 

|t   I  the  water  derived  from  the  deepest  wells  has  unfortunately  cast 

a  shadow  of  disrepute  upon  all  the  deep  well  waters  of  the  city. 
.!  We  propose  to  discard  all  of  those  deep  wells  and  thus  to  elim- 

[  inate  that  objection,  resorting  to  the  shallower  wells,  which  af- 

I  ford  a  water  substantially  like  the  river  water  but  sometimes 

!  more  soft. 

■  Not  Enough. — It  is  hard  to  say  from  what  facts  any  objec- 

tion of  this  character  can  be  derived.   There  are  absolutely  no 
facts  that  tend  to  show  the  limited  amount  of  water  in  the  ar- 
■  \  ■  tesian  basin.    Probably  never  was  a  well  sunk  the  depth  of  100 

feet  in  the  city  of  Minneapolis  without  finding  water.    At  this 
•!  place  I  will  call  your  attention  to  the  accompanying  map  of  the 

ij  city  (fig.  5)  on  which  are  indicated  some  artesian  wells  of  the 

city  which  reach  a  depth  of  not  more  than  450  feet,  and  most 
of  which  are  about  200  feet.  You  will  see  that  they  are  widely 
distributed,  and  many  of  them  are  flowing  wells.  I  have  also 
obtained  from  some  of  the  well-drillers  lists  of  wells  of  this 
kind  whicli  thev  have  drilled  within  the  citv,  namelv,  a  list 
from  Mr.  J.  F.  McCarty,  a  list  from  Mr.  S.  Swenson,  and  a 
list  from  Mr.  Hogeland.  These  lists  are  herewith  appended. 
Some  of  these  wells  are  4  inches  in  diameter,  some  are  6  inches 
in  diameter,  and  some  are  10  inches  in  diameter,  and  they  have 
been  pumped  so  as  to  afford  the  number  of  gallons  per  minute 
expressed  in  the  cohunn  at  the  right.  These  lists  not  only  give 
I  he  deptli,  but  the  date  when  bored,  the  exact  locality,  the  size 
(if  the  bore  hole,  the  capacity  of  the  well  when  pumped,  the  level 
nt  whicli  the  ^vater  stands  or  overflows,  and  various  other  data 
important  in  this  investi.Lralion.  It  should  be  stated  also  thai 
these  well-drillers,  all  uf  them,  state  that  these  lists  do  not  ex- 
])rLS.s  all  of  the  iact>.  l)ut  that  they  have  drilled  probably  as 
many  men-  well-  than  the.>e  listed  within  the  city  Hmits,  bul 
rnnno'.  ^^ive  e.\:u:i  d.ita  brcanse  they  kept  no  records. 

I'l.-rnurly,  ..tliLrs  madr  drep  wells  in  the  city,  viz.:  Messrs 
Win.  Ij^lry,  S]K-ar  and  Swan,  hut  they  are  dead  or  have  left  th< 
v'ity. 

This  showin.L;-  nf  well-  of  thi^  kind  distributed  throughout 
•ho  city  is  siifticu-ni  10  ai!«-:  tlie  inexhaustible  supply  whicl 
ran  he  obtained  from  ^ucli  w(  lis.  and  to  verify  the  calculatior 
made  as  to  the  ca])aciiy  uf  these  basins  based  on  their  geo- 
graphic extent. 
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Cannot  Be  Pumped  200  Feet  Up. — Some  have  brought  the 
objection  against  these  wells,  aamely,  those  about  200  feet,  that 
there  is  a  mechanical  obstacle;  which  cannot  be  overcome,  in 
the  fact,  as  assumed,  that  the  water  must  be  pumped  200  feet 
from  its  starting  point,  but  this  objection  rests  upon  a  misap- 
prehension of  the  fact  that  the  water  does  not  have  to  be 
pumped  from  200  feet  underground.  It  rises  to  the  surface 
or  near  the  surface  and  can  as  easily  be  pumped  as  any  water 
at  the  surface. 

Contaminated  by  Sewage. — It  has  been  stated  that  the  sewers 
of  the  city  excavated  in  the  St.  Peter  sandstone  below  the  Tren- 
ton limestone  would  more  or  less  affect  the  waters  that  would 
be  derived  from  the  St.  Peter  sandstone  and  render  them 
objectionable  for  city  uses.  There  are  two  or  there  mis- 
apprehensions involved  in  this  objection.  First,  the  sewers 
are    practically    watertight,   or   become   so   at   least    after   a 

List  of  Wells  Less  Than  450  Feet  Deep. 

[a]  rtimiihed  bj  J.  F.  McCftriy. 
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[c]     From  other  sources. 
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few  years  of  use;  second,  they  are  all  within  the  uppermost 
portion  of  the  St.  Peter  sandstone,  and  are  below,  that  is, 
south  of  the  valley  of  Bassett's  creek,  and  wells  which  would 
be  depended  upon  in  that  area  would  necessarily  pene- 
trate much  deeper  than  these  sewers  and  would  obtain  a  water 
from  the  stratum  below  the  shale  which  is  in  the  St.  Peter 
sandstone,  as  already  described ;  third,  the  St.  Peter  sandstone 
operates  as  a  filter  to  abstract  any  impurities  which  might  re- 
sult from  the  sewers,  a  filtration  which  would  be  many,  many 
times  thicker  and  more  effective  than  any  filtration  through  a 
layer  of  sand  mechanically  formed  for  the  purpose  of  filtra- 
tion; fourth,  these  impurities  would  necessarily  be  drained 
from  the  surface  of  the  sandstone,  if  they  once  entered  it  and 
were  carried  along,  into  the  Mississippi  river.  They  could  not 
permeate  the  general  body  of  water  contained  in  the  sandstone. 
A  current  of  water  goes  where  it  is  freest  to  flow.  The  surface 
is  the  freest  and  the  lightest  portions  rise  to  the  surface.  The 
body  of  pure  water  lying  below  has  the  greatest  specific  gravity 
and  is  under  hydrostatic  pressure  and  would  reject  impurities 
that  would  have  a  tendency  otherwise  to  enter  the  St.  Peter 
sandstone  and  compel  the  drainage  into  the  sewers  rather  than 
out  from  the  sewers. 

This  can  be  illustrated.  Did  you  ever  sec  a  peat  swamp 
through  which  ran  a  stream?  Have  you  seen  the  enormous 
peat  swamps  in  the  northern  part  of  the  state,  particularly  that 
one  which  is  northwestward  from  Duluth,  drained  by  the  St 
Louis  river?  Any  bog  is  permeated  by  water  constantly,  and 
in  this  great  swamp  for  a  width  of  several  townships,  but  the 
river  tlows  in  its  own  channel,  without  reducing  the  water  of 
the  bog  in  general.  It  enters  at  the  upper  end,  follows  the  chan- 
nel, passes  out  at  the  lower  end.  It  has  but  little  eflFect  upon  the 
water  standing  in  the  bog,  but,  on  the  contrary,  it  is  affected  by 
the  waters  of  the  bog ;  they  pass  slowly  into  the  river  instead 
of  the  river  into  the  bog.  In  the  same  manner,  a  channel  of 
flowing  water,  as  in  a  sewer  in  the  St.  Peter  sandstone,  would 
abstract  water  from  the  St.  Peter  sandstone  instead  of  giving 
water  to  it.  It  might,  however,  be  answered  here  that  in  the 
spring  of  the  year,  or  at  flood  time,  the  water  does  encroach 
upon  tlie  bog  and  raises  ihc  water  in  the  bog,  and  that  there- 
fore the  bog  is  affected  by  the  stream.    This,  however,  is  more 
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imaginary  than  actual,  since  the  bog,  like  all  the  surrounding 
country,  is  affected  by  the  flooded  stage  of  the  season,  and  as 
the  river  itself  rises  and  has  a  tendency  to  overflow,  so  the  bog 
itself  rises  with  the  floods  from  other  sources  and  tends  to  re- 
ject the  overflow  from  the^  river  and  to  confine  it  still  within  its 
own  channel;  this  condition,  furthermore,  is  comparable  with 
the  sewer  channel  only  when  the  sewer  is  completely  filled  and 
its  contents  have  a  tendency  to  penetrate  its  openings ;  fifth, 
and  lastly,  no  driller  of  deep  wells  would  for  a  moment  leave 
a  well  uncased  in  which  there  was  a  possibility  of  contamina- 
tion from  surface  waters  or  from  sewers.  Such  casing  is  al- 
ways driven  down,  after  putting  a  shoe  upon  the  bottom  of  the 
tube,  until  it  reaches  some  portion  of  the  rock  so  firm  that  it 
cannot  be  driven  further,  or,  until  every  possibility  of  surface 
contamination  is  surely  shut  off. 

On  the  north  side  of  Bassett's  creek,  whether  there  be  sewers 
or  not  in  the  St.  Peter  sandstone,  the  sandstone  is  so  crowded 
with  water  under  hydrostatic  pressure,  that  water  would  be 
driven  into  the  sewer,  in  case  of  any  opening  in  the  sewer, 
rather  than  into  the  sandstone  from  the  sewer. 

Too  Expensive, — ^About  four  years  ago  the  writer  delivered 
an  address  before  the  Six  O'Clock  Club,  of  this  city,  in  which 
he  set  forth  these  facts  and  urged  the  use  of  artesian  waters 
for  the  city.  He  did  not  touch  upon  the  question  of  cost  of  the 
proposed  scheme,  but  simply  set  forth  the  possibilities  of 
ground  water  and  mentioned  that  a  few  wells  sunk  for  a  test 
would  not  cost  very  much.  What  was  his  surprise  in  next 
morning's  Tribune  to  find  a  very  flaming,  account  of  the  ex- 
pensive proposition  which  would  involve  an  expenditure  of 
$1,250,000.00,  which  plan  had  been  submitted  to  the  best  civil 
engineers  and  to  physicians  in  Minneapolis,  who  admit  its  prac- 
ticability and  acknowledge  its  value  "as  a  broad  gauge  road  to 
public  health."  The  reporter,  who  must  have  been  a  man  of 
lively  imagination,  goes  on  to  state  that  the  plan  as  stated  by 
professor  Winchell  involved  the  sinking  of  ninety  wells  in  or- 
der to  produce  30,000,000  gallons  a  day ;  that  the  cost  of  sinking 
such  wells  would  be,  as  stated,  one  million  and  a  quarter  of  dol- 
lars; "but,"  the  reporter  continues,  "the  cost  of  $450,000.00 
would  construct  a  filtration  basin  and  plant  against  the  cost 
proposed  by  the  sinking  of  the  deep  wells ;  that  is,  less  than  half 
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as  much  as  the  proposed  project  of  deep  wells,  one  project  be- 
ing about  as  efficient,  according  to  Mr.  J.  T.  Fanning,  as  the 
other." 

Considering  the  fact  that  the  speaker  had  said  nothing  what- 
ever as  to  the  aggregate  cost,  and  considering  the  recent  esti- 
mates which  have  been  made  as  to  the  cost  of  a  filtration  plant, 
the  transparent  effort  to  evade  the  arguments  and  to  divert  at- 
tention from  the  merits  of  the  artesian  scheme,  as  published  in 
the  Tribune,  seems  quite  amusing. 

I  have  no  definite  data  upon  which  a  very  positive  statement 
can  be  made  as  to  the  cost  of  a  system  of  deep  wells  to  supply 
30,000,000  of  gallons  per  day  for  the  city.  I  have,  however, 
the  estimates  of  some  experienced  well-drillers  as  follows : 

Rates  for  Sinking  Wells. 

Wells  200  ft.  deep,  12-in.  bore $4.00  per  foot 

Wells  400  ft.  deep,  12-in.  bore 3.50  per  foot 

Wells  600  ft.  deep,  12-in.  bore 3.50  per  foot 

It  was  thought  by  this  gentleman  that  forty  12-in.  wells,  at 
400  feet  depth,  cased  to — say  150  feet,  would  supply  30,000,000 
of  gallons  of  water  per  twenty-four  hours. 

Another  gentleman  gave  the  following  estimates  off-hand : 

Wells  200  ft.  deep,  12-in.  bore $5.00  per  foot 

Wells  400  ft.  deep,  12-in.  bore 4.50  per  foot 

Wells  600  ft.  deep,  12-in.  bore 4.50  per  foot 

The  average  well  is  about  10  inches  in  diameter.  This  gen- 
tleman estimates  that  forty  12-inch  wells  would  supply  about 
15,000,000  or  20,000,000  of  gallons  per  day. 

Each  of  liiesc  wells  ought  to  supply  half  a  million  gallons  per 
day,  aiul  from  sonic  a  million  and  a  quarter  in  a  12-inch  well 
has  been  atTorded  in  a  day.  This  was  a  test  well  at  the  St.  Paul 
wcrks  at  Cciitcrvillc  lake.  If,  however,  the  wells  upon  which 
the  city  should  depend  were  to  be  in  the  St.  Peter  sandstone 
they  would  avera.i^c,  say.  200  feet  deep,  but  probably  considera- 
bly less.  According  to  the  first  of  the  foregoing  estimates  each 
well  would  cost  SSdo.ocx  and  forty  wells  $32,000.00. 

According  to  the  second  estimate  each  well  would  cost  $l,- 
000,  and  forty  wells  would  ct)st  $40,000.00. 

Suppose  this  total  is  subject  to  great  error  and  the  number 
of  wells  should  be  necessarily  more  than  forty,  or  that  the  cost 
should  exceed  the  amount  per  foot  given  and  suppose  that  the 
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expenses  of  installing  the  system  and  connecting  it  with  the 
present  pumping  station  were  to  be  included,  it  would  be  at 
least  a  liberal  estimate  still  to  place  the  total  cost  not  to  exceed 
$100,000.00. 

Experience  in  St,  Paul  and  Other  Cities. 

St.  Paul  City  Deep  Wells.-^The.  water  system  of  St.  Paul  is 
primarily  one  of  lakes.  By  a  series  of  conduits  water  is  con- 
ducted from  a  number  of  small  lakes  mostly  in  the  northern 
part  of  Ramsey  county,  but  partly  in  Anoka  county,  as  shown 
on  the  map  furnished  me  by  Mr.  Winslow,  of  the  St.  Paul  En- 
gineering Department,  who  has  charge  of  the  deep  wells  oper- 
ated by  the  city. 

It  was  found  that  the  supply  was  insufficient  and  resort  was 
had  to  deep  wells.  There  are  two  systems  of  these  wells,  the 
Centerville  and  the  Vadnais  lake  systems.  A  successful  test 
well  was  sunk  at  Vadnais  lake  in  1891,  and  this  system  has  now 
increased  to  ten  wells.  Of  these,  seven  are  shallow  wells,  not 
going  into  the  rock  but  they  are  deep  enough  to  obtain  water 
from  the  Jordan  sandstone.  This  system  has  a  capacity  of 
4,200,000  gallons  per  day.  This  water  is  pumped  into  the  main 
conduit  as  it  passes  from  Vadnais  lake.  Mr.  Winslow  also 
gave  me  a  blue  print  of  the  ground  plan  and  section  of  the 
Vadnais  lake  system.* 

The  deepest  well  of  this  system  was  put  down  last  year,  and 
it  is  in  constant  use  in  supplying  pure  water  to  the  lake  water 
reservoir  at  Vadnais  lake,  although  the  full  capacity  of  the 
Vadnais  Lake  system  is  used  only  in  summer  when  the  lakes 
run  low.  The  Centerville  system  was  developed  during  1896. 
Here  are  28  wells,  of  which  18  are  shallow,  depending  on  the 
gravel  in  the  surface  of  the  drift  for  their  supply,  and  10  are 
drilled  into  the  rock,  obtaining  a  supply  from  the  Jordan  sand- 
stone. These  deep  wells  are  10  inches  in  diameter,  but  the 
shallow  wells  are  8  inches.  The  shallow  wells  are  62  to  100  feet 
in  depth,  the  deep  well  from  350  to  523  feet  deep,  situated  along 
the  shore  of  Centerville  lake.  Each  well,  as  shown  by  the  ac- 
companying blue  print,  has  a  separate  connection  with  the  main 
pipe,  making  it  possible  to  connect  up  and  test  any  well,  or  any 
number  of  them  whenever  desired.     The  capacity  of  the  Cen- 
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terville  system  is  not  definitely  known,  but  is  estimated  to  be 
10,000,000  gallons  daily.  It  was  tested  with  a  pump  of  15,000,- 
000  gallon  (per  day)  capacity,  a  few  years  ago,  but  was  found 
to  be  unable  to  supply  that  amount.  The  drift  wells  were 
lowered,  and  the  farmers  in  the  j/icinity  who  have  numerous 
flowing  wells  in  the  drift  complained  because  their  wells  ceased 
flowing,  and  threatened  suit  for  damages  against  the  city  of  St. 
Paul.  The  pumping  was  stopped,  and  since  then  the  Center- 
ville  wells  have  not  been  used. 

The  total  capacity  of  the  St.  Paul  deep  wells,  according  to 
Mr.  Winslow,  is  over  12,000,000  gallons  per  day,  and  the  aver- 
age daily  consumption  from  all  sources  (for  1904)  was  9,600,- 

000  gallons.  The  amount  pumped  from  deep  wells  in  summer 
into  the  main  conduit  is  4,200,000  gallons  from  the  Vadnais 
lake  system  alone,  there  being  at  present  no  demand  for  the 
Centerville  system,  which  is  held  as  a  sort  of  reserve  in  case 
of  any  emergency.  The  wells  are  used  even  when  not  needed 
because  of  scarcity,  in  order  to  cool  and  purify  the  lake  water, 
removing  the  swampy  taste  and  also  apparently  killing  the 
micro-organisms.  The  temperature  of  the  well  water  is  46" 
and  that  of  the  lakes  in  summer  about  70®. 

The  cost  of  the  St.  Paul  system  at  Centerville  was  $109,000, 
and  of  this  the  outlay  for  the  wells  themselves  was  $20,433,  the 
rest  being  for  piping  and  pumping  outfit  and  for  right  of  way. 

1  have  no  figures  for  the  cost  of  the  Vadnais  lake  system. 

It  is  current  rumor  at  Minneapolis  that  the  St.  Paul  artesian 
well  system  is  a  failure,  and  that  it  is  proposed  to  resort  to 
some  other  plan  of  water  supply.  I  made  particular  inquiries 
as  to  the  truth  in  this  rumor,  and  was  told  that  there  was  no 
known  objection  on  the  score  of  the  quality  of  the  water  to  the 
present  system,  especially  the  shallow  wells  at  Centerville.  If 
there  was  any  possible  objection  it  would  lie  against  the  lake 
systt-ni  on  account  of  the  swampy  taste  in  summer,  and  the 
micro-ori^anisnis  that  develop  in  it.  As  to  quantity,  the  city 
obtains  from  the  Vadnais  lake  system  all  that  is  needed  to 
siij)plcmcnt  the  lake  supply.  The  idea  of  abandoning  or  chang- 
inqf  the  water  system  of  St.  Paul  was  never  broached  nor  hint- 
ed at  in  the  Water  Board.  This  was  the  statement  of  Mr. 
Winslow,  who  has  had  charp^e  of  the  system,  or  at  least  has 
been  connected  with  it,  for  14  or  15  years.     It  is  probably  safe 
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to  predict  that  in  the  future,  as  in  the  past,  the  St.  Paul  deep 
wells  will  increase  both  in  number  and  in  popular  esteem. 

Stillwater, — McKusick  lake  has  until  last  year  been  the 
source  of  water  for  the  city  of  Stillwater.  But  because  of  its 
impurities  it  has  been  abandoned  and  artesian  water  has  been 
adopted  by  the  city. 

Winnipeg. — Owing  to  reports  that  the  artesian  supply  at 
Winnipeg  had  failed,  and  that  resort  was  about  to  be  had  to  fil- 
tration of  river  water,  I  applied  for  information  to  the  city  en- 
gineer of  Winnipeg,  Col.  H.  N.  Ruttan,  asking  him  certain 
questions,  and  from  him  received  the  following  courteous  reply : 

The  geological  situation  at  Winnipeg  is  quite  analogous  to 
that  of  the  old  river  valley  at  Minneapolis,  the  confining  strat- 
um being  a  laminated  clay  and  till  sheet,  holding  the  water  in 
the  underlying  rock  under  hydrostatic  pressure. 

Letter  from  Col.  H.  N.  Ruttan. 

Mr.  N.  H.  WinchcII:— 

Dear  Sir:  In  answer  to  yours  of  the  24th  inst.,  I  have  much 
pleasure  in  sending  you  copies  of  reports  by  Mr.  Rudolph  Hering 
and  Mr.  Allen  Hazen  on  our  water  supply. 

I  may  answer  your  questions  as  follows: 

(1)  Did  the  artesian  supply  give  out,  making  it  necessary  to  re- 
sort to  river  water? 

Answer. — No;  the  supply  from  our  well  has  been  constant  in 
amount  since  we  began  pumping  some  five  years  ago.  The  capacity 
of  our  well  is  about  25^  million  imperial  gallons  per  day.  It  has 
often  been  pumped  in  excess  of  that  quantity. 

We  used  river  water  on  the  10th  October  last,  and  again  on  the 
26th  December  to  supplement  our  fire  service,  and  since  early  in 
January  we  have  used  river  water  almost  daily  during  the  hours  of 
heavy  draught. 

We  now  have,  almost  completed,  a  new  well  which  we  hope  will 
give  us  plenty  of  water  for  our  immediate  requirements,  and  last 
until  a  further  extension  of  the  well  system  is  made,  or  water  is  ob- 
tained from  some  other  source. 

How  our  supply  is  to  be  supplemented  depends  largely  upon  the 
results  of  pumping  at  the  well  and  the  effect  upon  test  wells  which 
we  are  sinking. 

(2)  Is  the  artesian  supply  apparently  as  good  as  usual,  or  was  it 
some  unusual  emergency  that  overtaxed  the  wells  in  operation? 

Ans.  The  artesian  supply  is  quite  as  good  now  as  it  has  ever 
been.  The  reason  it  is  overtaxed  is  that  our  new  well  has  not  been 
completed  in  time  to  meet  the  increased  number  of  consumers. 

In  1902,  when  an  extension  of  our  supply  was  recommended,  we 
had  about  3,000  connections.     We  have  now  about  7,000  connec- 
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tions,  and  from  40,000  to  45,000  actual  consumers.    The  population 
of  the  city  being  close  to  100,000. 

Had  the  construction  of  our  new  well  been  completed  three 
months  ago,  there  would  not  have  been  any  shortage  of  water  for 
all  purposes. 

(3)  How  many  artesian  wells  does  the  city  use? 
Ans.    One;  another  being  almost  completed. 

The  first  well  is  17  feet  in  diameter  and  48  feet  deep,  the  bottom 
containing  a  strainer  of  broken  stone  5  feet  deep  with  3  feet  of  con- 
crete on  top,  four  6-inch  pipes  through  the  concrete  admitting  the 
water  from  the  broken  stone.  The  broken  stone  strainer  was  nec- 
essary to  prevent  washing  the  soil  from  outside  the  well  and  un- 
dermining our  building. 

(4)  What  are  their  depths  and  do  they  enter  the  rock  below  the 
drift  of  the  region? 

Ans.  The  new  well  is  65  feet  deep,  the  last  16  feet  being  in  the 
rock.  The  pump  suctions  of  this  well  will  be  25  feet  lower  than 
those  of  the  first  well.  It  is  the  intention  to  lower  the  latter  when 
the  new  well  is  in  operation. 

It  is  expected  that  we  will  get  about  5,000,000  gallons  from  both 
wells. 

The  drift  is  about  5  feet  deep  on  top  of  the  rock.  It  contains 
water  under  pressure,  probably  received  from  crevices  in  the  rock. 

At  the  location  of  our  wells  before  pumping  the  water  stood  3 
feet  above  ground  level. 

I  enclose  section  of  our  wells. 

Winnipeg  is  now  growing  so  fast  that  we  consider  it  prudent 
to  increase  our  water  supply  for  a  population  of  200,000,  and  we 
are  now  making  investigations  as  to  the  most  desirable  source. 

Let  me  know  if  I  can  give  you  any  further  information. 

Yours  truly, 

H.  N.  RUTTAN, 
City  Engineer. 

Chemical  Character  of  Water  from  Deep  Wells,  Etc. 

[laviiii^  obtained  from  Dr.  Drew  a  statement  of  the  results 
of  choniical  analyses  of  numerous  waters  from  deep  wells  in 
ilu"  city,  and  liavini::  consulted  the  table  of  analyses  performed 
Ijy  A.  D.  Mrcds  for  the  **i)aro  water  commission"  last  year  I 
am  imprc^sL'<l  witli  tlu'  capricimisness  with  which  the  chemical 
f[ualitics  a])])car  to  be  distributed,  making  it  quite  difficult  to 
Iraw  conclusions  as  to  ihc  ([uality  of  water  that  should  be  ex- 1| 
j)ectod  ir(»m  any  known  well  (^r  rock  stratum.  For  instance: 
Some  of  the  vi-ry  deep  wells  aflord  a  water  that  is  (as  reported 
bv  the  analysts)  as  soft,  or  as  nearly  soft,  as  some  of  the  shal- 
lower  wells.     Compare  the  water  of  the  Midland  Linseed  03 
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Company's  well  with  that  of  the  Daniels  Linseed  Oil  well,  the 
former  859  feet  deep  and  the  latter  143  feet  deep.    The  total 
hardness  of  the  shallow  well  is  22,  grains  per  U.  S.  gallon,  while 
that  of  the  deep  well  is  but  16.5  per  U.  S.  gallon,  which  is  ap- 
proximately the  same  as  the  river  water  in  winter.     A  large  per 
cent  of  the  hardness  of  the  shallow  well  in  this  case  arises  from 
the  presence  of  69  grains  per  gallon  of  sulphuric  acid,  which  is 
the  index  of  permanent  hardness.     In  other  respects  they  are 
both  comparatively  soft  waters  and  do  not  diflfcr  materially 
from  the  river  water  in  winter.     What  may  be  the  source  of  this 
large  amount  of  sulphuric  acid  in  the  shallow  well  it  is  useless 
to  inquire.     The  Lumber  Exchange  well,  350  feet  deep,  has  a 
hardness  of  17.5  grains  per  gallon,  a  degree  which  the  river 
*"ater  probably  never  reaches,  but  which  is  but  little  less  than 
that  of  the  West  Hotel  well,  which  goes  to  the  depth  of  650 
feet.    Again,  the  water  of  the  Glenwood-Inglewood  springs 
has  a  total  hardness  of  14.  per  gallon,  and  that  of  the  North 
Star  Malting  Co.,  15.5,  the  former  from  very  shallow  wells  not 
penetrating  the  rock  but  deriving  water  from  the  St.  Peter 
hasin,  and  the  latter  from  a  well  420  feet  deep.     The  hardest 
water  reported  is  that  of  the  Chamber  of  Commerce,  32  ^^ains 
per  gallon,  550  feet  deep,  and  the  softest  water  is  that  from 
the  Groveland  Flats,  13  grains  per  gallon,  172  feet  deep. 

There  are  other  anomalies  that  might  be  mentioned.  J'or  in- 
stance, the  element  of  hardness  differs  as  much  as  50  per  cent 
when  reported  by  different  analysts,  from  the  same  well.  Sonic 
wells  mav  be  cased  so  that  water  rises  from  a  different  r<>ck 
from  that  which  expresses  the  total  depth  of  the  well,  or  may 
suck  water  from  two  or  more  basins  Some  may  derive  water 
and  certain  peculiarities  from  surface  contamination.  I'licsc 
considerations  lead  to  the  necessity  of  great  caution  in  ba>in^ 
any  positive  statements  on  the  isolated  analyses  that  arc  avail- 
able. 

However,  from  the  chemical  analyses  that  have  been  exam- 
ined it  is  safe  to  draw  the  following  general  conclusion^ : 

I.  The  wells  over  450  feet  in  depth  have  a  i^rcaicr  avcrai^^e 
hardness  than  those  less  than  450  feet,  and  some  of  tlio<c  that 
derive  water  from  the  St.  Peter  sandstone  have  abL»nt  the  >ame 
hardness  as  that  of  the  river  water. 
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2.  It  is  very  evident  also  that  the  removable  hardness  in  the 
former  class  (over  450  feet  deep),  far  exceeds  that  in  the  lat- 
ter class.  That  is  to  say,  the  element  of  sulphuric  acid  is  re- 
markably greater  in  the  deepest  wells,  in  one  well  the  amount 
being  137.2  grains  per  gallon,  and  the  average  for  eleven  such 
wells  being  23.5  grains.  But  the  highest  in  the  shallow  wells, 
i.  e.,  less  than  450  feet,  is  69.3  grains  per  gallon ;  the  average  of 
eight  wells  being  12.6  grains  per  gallon,  or  about  one-half  that 
in  the  deeper  wells.  The  amount  of  permanent  hardness  in  the 
Glen  wood-Ingle  wood  water  is  18.  grains  per  gallon. 

3.  It  is  reasonable  also  to  infer  that  the  stronger  mineraliza- 
tion of  the  deep  waters,  as  apparent  both  to  the  taste  and  to  the 
sense  of  smell,  is  attributable  to  the  presence  of  this  high  per- 
centage of  sulphuric  acid.  When  fresh,  these  deep  waters  often 
give  also  a  distinct  odor  of  sulphuretted  hydrogen.  These 
qualities,  however,  serve  to  purify  the  lake  waters  of  the  St 
Paul  system. 

It  is  for  these  reasons  that  the  discussion  which  is  presented 
in  this  paper  discards  for  city  uses  these  deeper  wells,  and  ap- 
proves those  waters  coming  from  the  shallower  basins. 

What  Has  Been  Shozim. 

Tf  a  short  resume  be  made  of  what  has  now  been  shown  it 
comes  to  about  the  following: 

1st.  There  are  several  water  basins  below  the  city  of  Minne- 
apolis, extending  widely  into  the  country,  of  which  but  two 
nvv(\  to  l)e  taken  iio  account,  namely,  one  getting  water  at  about 
400  feet,  another  at  about  200  feet. 

2nfl,  The  waters  afforded  by  these  two  basins  are  not  strik- 
inj^Hy  (lilYereni  in  hardness  from  the  water  of  the  Mississippi  • 
river,  ]»m  the  water  from  the  shallower  reservoir  is  sometimes 
-oi'trr  than  ilie  water  of  the  Mississippi  river. 

^rd.  'I'he  quantity  of  the  supply  is  inexhaustible  and  more 
reliable  than  the  supply  from  the  Mississippi  river  itself. 

.itli.  'I'h«'  cost  of  sinkintr  the  necessarv  number  of  wells  to 
.'Uj^i'ly  ^:^(».i)(.(i.(KK)  Liallciis  ])er  day  from  the  400-foot  series  need 
ii<  I  excrcd  Sioo,^xK>.(»o  at  the  outside. 

'riiiinks.  ]  need  not  say  that  it  affords  me  very  great  pleas- 
ure to  have  tl^e  opportiuiity  of  presenting  this  important  quel- 
tion  before  a  committetr  at  tlie  civic  societies  of  the  city  under 
the  auspices  of  the  Real  ['state  Board.    I  have  taken  considcra- 
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ble  interest  in  the  subject  of  the  city  water  supply  ever  since  I 
have  been  in  the  city,  and  more  particularly  since  the  proposition 
to  install  an  expensive  filtration  plant,  and  I  have  made  some  at- 
tempts to  get  the  subject  fairly  considered.  I  have  failed,  how- 
ever, in  several  of  these  attempts.  The  subject  had  a  nominal 
investigation  some  ten  years  ago  but  the  artesian  method  was 
practically  ignored  and  an  expensive  filtration  plant  was  recom- 
mended. When  the  question  was  revived  again  recently  and  a 
Pure  Water  Commission  was  created  I  communicated  with  said 
Conunission,  sending  a  letter  to  the  public  meeting — ^which 
letter,  however,  was  never  read — and  the  subject  of  artesian 
water  supply  was  again  ignored,  and  a  similar  report,  making 
a  similar  recommendation,  was  again  presented,  upon  which 
the  question  of  issuing  bonds  is  now  pending,  the  initial  bonds 
being  set  at  one  million  dollars. 

I  have  to  thank  especially  Mr.  J.  L.  Record  and  Mr.  Luther 
Twichelly  of  the  Minneapolis  Steel  &  Machinery  Q>.,  and  Mr. 
M.  D.  Rhame,  of  the  Chicago,  Milwaukee  &  St.  Paul  Railway, 
for  assistance  in  the  collecting  and  preparation  of  the  materials 
of  this  report. 

It  is  only  as  a  resident  of  the  city  and  a  tax  payer,  and  as  a 
geologist  who  knows  that  such  expense  is  wholly  unnecessary, 
that  I  attempt  again  to  set  forth  this  project  with  the  hope  that 
it  may  receive  due  consideration. 


ENCE  ON  THE  DEPOSITION  OF  LOE88. 

IrUBLLA  AONBt  OWBN,  St.  JOtCph,    Mo. 

PLATE  XX. 

Much  has  been  written  on  loess  deposition  but  those  up- 
hclding  the  merits  of  the  two  opposing  theories  have  been  un- 
able to  agree  that  any  evidence  yet  discovered  could  be  ac- 
cepted as  conclusive.  This,  however,  cannot  be  regarded  as 
due  to  deficiencies  in  the  character  of  the  testimony  so  much  as 
unaccountably  wide  diflFerences  in  interpretation.  The  aeolian 
supporters  are  not  more  firm  in  the  belief  that  original 
deposition  is  still  in  full  progress  than  are  those  of  the  aqueous 
theory  that  the  present  is  a  distinctly  separate  epoch  in  geologic 
history,  in  which  the  wind  has  assumed  importance  as  a 
"world-power"  for  the  first  time.    While  one  assumes  that  land 
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snails  in  the  uplands  are  proof  of  seolian  origin,  the  other  re- 
gards them  merely  as  evidence  that  during  the  lowa^i  stage  of 
the  Glacial  period  the  spring  floods  passed  sufficiently  early 
for  the  high  lands  left  exposed  to  be  clothed  in  vegetation  for 
the  maintenance  of  animal  life.  Whether  the  snails  whose 
shells  remain  were  of  land  or  water  species  is  a  matter  of  no 
important  significance,  since  there  is  no  claim  that  they  have 
been  transported,  and  the  conditions  assumed  by  the  aqueous 
theory  are  fully  as  favorable  to  land  forms  as  to  those  of  flu- 
viatile  requirements. 

The  unearthing  of  witnesses  incapable  of  opposing  intcr- 
]>retations  might,  accordingly,  promote  harmony.  Several 
such  witnesses  together  with  a  few  local  facts  and  conditions 
may  therefore  be  of  sufficient  interest  to  merit  attention  in  con- 
nection with  the  "Loess  Papers,"  by  professor  B.  Shimek,  re- 
cently published  as  an  "Extract  from  the  Bulletin  of  the  Lab- 
oratories of  Natural  History  of  the  State  University  of  Iowa, 
vol.  v.'* 

In  discussing  the  time  element,  on  page  320,  professor  Shi- 
mek savs: 

*'It  might  seem  that,  if  loess  was  deposited  most  abundantly  where 
vtjjL-tation  was  comparatively  vigorous,  there  ought  to  be  an  abundance 
of  jjlant  remains  in  the  deposit  The  rate  of  deposition,  however,  must 
hMvc  Iiivii  so  slow  that  all  organic  matter  would  have  disintegrated 
lonq:  before  it  could  have  been  covered  and  sealed  in  the  deposit.  Or- 
{xr'.nic  remains  can  thus  be  preserved  only  when  overwhelmed,  especially 
in  wet  iilacc<.  and  their  absence  would  rather  militate  against  the 
a^Ine'.>u^  ilie«>ry." 

W'i'  may,  thcreforo,  feel  confident  that  he  would  accept  any 
!'"S>ilizr«l  (irt^fanic  matter  as  satisfactory  evidence  that  it  had 
lK'<n  '>\('rwlu'lim<l  and.  consequently,  would  militate  in  favor 
"f  ilu-  afjiuoiis  theory. 

Tlio  i.K'ss  at  St.  Joseph  has  at  last  yielded  this  form  of 
!L<tii:i')n\.  I1  is  tlie  fossil  casts  of  snails  in  their  shells  or 
partly  MirrMuiKK-d  by  ihe  crushed  fragments  which  show  to 
wliat  >|uA'ii'>  tlu'y  l)c^>lli^^  The  first  discovered  is  a  small 
i^ri.uii  of  I  Iilicina  occulta,  both  fully  mature  and  half-grown, 
•ilial  was  .-|»na(l  alon.c:  a  horizontal  stratification  line  in  original, 
muli>iiirl)^Ml.  njijan.l  I^k-x  at  Sycamore,  between  Fifteenth  and 
Sixtci'iuh  sircc-t.s.  in  ilir  sinilhcastcrn  part  of  town.  The  cx- 
l>osuri-  \va>  mafic  in  a  strict  cut  and  the  fossils  found  at  a  depth 
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of  about  twelve  feet  below  the  surface  at  an  elevation  of  160 
feet  above  extreme  high  water.     There  is  no  indication  that 
the  place  could  ever  have  been  the  bed  of  a  pond,  but  it  must 
have  been  the  river-bank  before  the  time  of  the  formation  of 
the  upper  terraces  described  by  professor  J.  E.  Todd,  in  the 
Reports  of  the  Missouri  Geological  Survey,  vol.  x.     An  ex- 
posure half  a  block  distant  shows  ripple  marks  at  nearly  the 
same  elevation.    The  loess  deposit  is  very  deep  here  and  rises 
by  steep  slopes  above  the  valley  of  thte  Missouri  on  the  West, 
and  a  small  permanent  tributary  on  the  north  which  has  a  well 
defined  ancient  valley  of  its  own.    While  graders  were  work- 
ing at  Sycamore  and  Sixteenth  streets  in  the  summer  of  1903, 
a  large  skeleton  of  an  unknown  lizard-like  animal  was  exposed 
and  created  no  little  excitement  among  those  present.      Some 
years  ago  mastodon  remains  were  excavated  at  a   point   only 
a  short  distance  to  the  northeast  and  at  a  slightly  lower  level, 
so  no  one  would  think  of  claiming  that  the  region  h!ad  been 
continuously  submerged,  and  supporters  of  the  aqueous  theory 
have  not  been  thus  inclined.    The  annual  floods,  then  as  now, 
necessarily   attained   their  excessive   stage   during  the   short 
period  in  early  summer  required  for  melting  the  vast  quantity 
of  snow  spread  over  the  region   to   the   north  and  the  enor- 
mously extensive  water-shed  extending  far  into  the  mountains 
on  the  west  and  northwest.    The  balance  of  the  summer  gave 
ample  time  and  favorable  conditions  for  the  development  and 
growth  of  snails  on  all  high  points,  which  were  then  exposed 
under  moist  conditions,   while  the   streams  continued   to  fill 
their  valleys  with  the  normal  summer  flow  from  the  "great 
ice"  and  the  more  distant  regions  of  perpetual  snow.    The  sig- 
nificance of  this  western  drainage  in  connection  with  loess  dis- 
tribution and  deposition  may  not  as  yet  have  received  its  full 
measure  of  attention.     The  wide  extent  of  area  and  tlie  alti- 
tudes of  sources  of  contribution  from  that  direction  oflPcr  sug- 
gestions worthy  of  special  consideration.     The  southeasterly 
direction  of  this  flow  must  have  favored  a  nuicli  heavier  and 
more  widespread  deposition  of  sediment  to  the  eastward  of  the 
current  than  on  the  west,  the  limit  of  its  spread  beincf  deter- 
mined bv  the  resistance  met  in  the  voUimc  oi  flow  from  the 
northern  ice  fields. 
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An  unusually  notable  exposure  of  snail  shells  has  been 
made  at  Fifteenth  and  Walnut  streets,  two  blocks  southwest  of 
the  cut  which  yielded  the  casts  already  mentioned.    At  a  depth 
of  about  a  foot  beneath  the  surface  on  the  summit  of  the  bluff, 
at  an  elevation  of  i8o  feet  above,  and  directly  overlooking, 
the  flood-plain,  numerous  shells  were  uncovered.    At  not  more 
than  three  feet  enormous  multitudes  appeared  and  a  perpendic- 
ular cut  showed  them  to  be  scattered  throughout  its  depth  of 
twenty  feet  in  incredible  abundance.     Since  these  twenty  feet 
have  been  removed  the  quantity  turned  up  by  the  plow  or  ex- 
posed by  the  scraper  continues  to  be  surprisingly  great.    Al- 
tliough  there  is  a  general  distribution  of  the  shells,  the  greatest 
numbers  by  far  are  conspicuously  in  pockets  as  is  almost  in- 
variably the  case  where  they  are  remarkably  numerous  in  pre- 
viously undisturbed  upland  loess.    As  is  also  usual,  those  in  the 
pockets  are  crowded  together  in  a  manner  clearly  indicating 
that  the  arrangement  was  not  voluntary ;  and  generally  a  ma- 
jority of  the  shells  are  cnished  into  such  a  mixed  mass  as  to 
prove  beyond  dispute  that  the  crushing  and  burial  were  one 
combined  act.    Frequently  the  appearance  of  a  shell  indicates 
what  surgeons  call  a  "green  fracture"  suggestive  that  whoi. 
crushed  it  was  occupied  by  the  animal,  and  this  is  verified  Iqf , 
one  of  the  fossil  casts  of  the  Sycamore  street  group.     So 
only  two  casts  have  been  discovered  among  the  many  shells 
amined  from  the  Walnut  street  exposure;  but  since  the  numi 
collected  were  comparatively  very  insignificant,  a  satisfs 
.statement  in  regard  to  casts  is  impossible,  although  two 
Serve  the  historical  record  as  faithfully  as  more  could  do. 
of  the  large  shells  had  the  spire  completely  filled.    None  had 
ilic  operculum  preserved,  and  at  only  one  other  point  has  one 
l)fcn  found.     That  was  taken  from  the  cut  at  the  summit  of 
Kincj"  Iiill  s<v>n  afl(.T  ihc  erection  of  the  water-tower.     It  was 
examined  with  keen  interest  because  of  the  unusual  occurrence 
of  a  shell  |»erfectly  closed  by  a  disk  of  homy  substance  totally 
fli'-similar  from  the  calcareous  shell.    It  was  doubtless  Helicina 
occulta,     i'lie  unfortunate  absolute  ignorance  of  mollusks  and 
cnnsecjnent  want  of  tmderstanding  of  the  value  of  the  specimen 
re•^ultcd  in  its  lo-^s.     A   recent  thorough  search  at  the  same 
j)lacc  for  another  failed  of  its  object  but  was  rewarded  with 
the  cast  of  a  Patula  altcruaia  partly  enclosed  in  a  remnant  of 
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the  shell  into  which  it  had  withdrawn  and  which  still  retains 
distinct  splashes  of  color.  This  cut  is  270  feet  above  the  flood- 
plain  and  is  shown  in  plate  x.  in  The  American  Geologist, 
vol.  xxxiii. 

In  one  of  professor  Shimek's  "Loess  Papers,"  page  334,  he 
savs : 

"The  advcxrates  of  the  aqueous  theory  can  find  little  solace  in  the 
fossils  of  the  loess,  and  without  them  their  case  has  but  little  tangible 
support." 

This  may  be  true,  yet  it  seems  not  impossible  that  both  the 
solace  and  the  tangible  support  can  be  found  among  the  fossils 
of  exclusively  terrestrial  forms,  not  even  those  objected  to  as 
types  common  to  pools  and  ponds  being  admitted  to  considera- 
tion, if  the  casts  already  described  are  to  be  accepted  on  the  re- 
cognized value  of  such  evidence. 

The  shells  collected  by  professor  G.  F.  Wright  from  the 
upland  loess  at  St.  Joseph  were  submitted  for  identification  to 
professor  L.  P.  Gratacap  of  the  Museum  of  Natural  History, 
New  York.  They  were  taken  from  the  loess  about  one  hunr 
dred  and  fifty  feet  above  the  river,  and  from  twenty  to  fifty  feet 
below  the  top  of  the  bluff.    His  report  is : 

"Group  A  came  from  the  southeast  part  of  the  city,  and  group  B 
from  the  north  end,  and  both  were  embedded  in  an  identical  argilla- 
ceous dust  in  which  almost  no  silica  and  only  a  slight  admixture  of 
lime  could  be  detected/' 

"ITie  shells  are  t>'pical  terrestrial  species  but  are  not  in  quite  the 
same  stage  of  fossilization,  those  from  the  north  end  of  the  city  having 
lost  the  nacre  along  the  columellar  surface  of  the  Succinea  obliqua, 
which  in  the  same  species  is  partially  retained  in  the  specimens  from  the 
southeast  part  of  the  city.  Tlie  former  specimens  were  also  more  frail 
and  tenuous.  This  difference  is  unimportant,  as  local  percolation  of 
the  surface  waters  might  greatly  vary,  and  produce  in  shells  subjected 
to,  or  protected  against  it,  very  differing  states  of  preservation." 

**Group  A  consisted  of  Succinea  obliqua,  Patula  altcrnata,  Mesodon 
albolabris.  Group  B  contained  Succinea  obliqua,  and  a  crushed  Pa- 
tula striatella" 

"It  would  certainly  be  difficult  to  draw  any  conclusive  inferences 
from  this  meagre  display  of  species.  Their  general  condition  of  pre- 
sea^-ation  permits  a  guarded  inference  that  they  have  not  been  exposed 
to  rude  or  distant  transportation ;  they  belong  where  tliey  were  found ; 
they  are,  so  to  speak,  in  situ.  The  presence  of  color  flames  on  the  Pa- 
tula altcrnata  argues  for  its  rather  rapid  sepnitnrc.  as  the  bleaching  ac- 
tion of  the  weather  and  sunlight  would  have  soon  nnioved  these  color- 
ations after  the  death  of  the  animal.  On  the  other  hand  its  own  habits 
of  hibernation  may  have  removed  it  from  surface  exposures." 
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'The  small  size  of  the  Mesodon  albolabris  points  to  depauperizatioo 
possibly  under  the  influence  of  cold,  or  of  insufficient  food.  The  pres- 
ence of  Succinea  permits  a  general  assumption  of  considerable  mois- 
ture. It  is  true  that  Succinea  obliqua  is  to-day  found  in  not  vcrv  moist 
places,  but  the  aptitude  of  tlie  organism  is  for  wet  spots,  and  it  floar- 
ishes  best  undtT  regional  conditions  of  considerable  annual  precipita- 
tion. Patula  altcniata  is  disposed  to  flourish  under  moist  conditions, 
and  generally  will  not  endure  a  dry  climate  or  position.  Patula  siri- 
atella  may  be  safely  regarded  as  a  northern  and  semi-boreal  species." 

•'Conclusions  of  any  diagnostic  value  cannot  be  made  with  security 
upon  such  slender  representation  of  shells,  but  tlie  impression  left  b>' 
them  is  that  of  rjther  boreal  and  wet  conditions  of  life." 

In  answer  to  a  request,  professor  Gratacap  gjacioiisly  con- 
sented to  examine  a  larger  collection  of  shells.  The  forms 
most  ahimdant  in  undisturbed  upland  loess  in  various  direc- 
tion about  town  were  selected  for  the  purpose  but  those  sent 
were  all  from  the  blufTs  to  the  south  and  southeast.  His 
determinations  are  as  follows: 

Mesodon  albolabris  Say.  fragile,  immature,  depauperate. 

Mesodon  albolabris  Say,  with  revolving  striae  destroyed. 

Mesodon  albolabris  Say,  innnature,  weak,  cold  conditions. 

Patula  alter natd  Say,  color  splashes,  thin,  depauperate,  indication  of 
coUl. 

Patula  alternata  Say,  color  spla>hcs ;  proixible  burial  or  voluntarj- 
si'pnltiirc  befort'  U>n^  exposure. 

llelieina  ceeulta  Say.  quite  normal. 

Succinea  iibUqmj  S:iy,  iionnal.  flourishing  individuals. 

Succinea  olliijua  Say.  aviTii^je  forms  but  shrunken,  cold  conditions. 

Succiuea  i>hl'tiua  Say,  v«Ty  small,  pinched  and  starved  individuals. 

Ca^t.  enclosing  Sticcinoa. 

(. "(Miinientinj^  an  them  he  says  : 

"In  reirinl  to  any  liclit  these  si>ecinR'ns  throw  on  the  question  of 
:.qno«ui-  m-  a"i]i;in  cunditioTK  I  must  frankly  say  that  they,  to  me,  seen? 

tr    citVcr  iM  «U-ci'i\«:  evidence." 

Hut  li«'  ;ils()  s.'iys : 

"'I  l!(  ilaiiiinjj^  aiMl  C"l':r  patclicN  «in  the  "alternata"  are  certainly 
t|i:itt  \!\id  :o.h]  in.liiMti-  ]'!:n:i].  It  «lnc^  not  seem  to  me  that  acolian  de- 
;!.-'■!  .«i  .if  iKvT— iiv  -li-ii!'l  'n-  !\iniuoly  >low.  Certainly  dust  storms 
I  f  .:i>  .-'  luiiii;  iiu(  \\..i'M  iiiakr  ilii)">ii-;  of  very  considerable  thickness 
ii.  1  -'■  :  Mil.  \  r-.i::iril>  •'.ihiTiiaia."  however,  it  may  be  recalled 
Tl.;;t  I'u  ai::!'; '!  rr.i-.c-  :ii. «  -inrt-  ai^ii  iln.-^  not  readily  endure  dr>'ness.  It 
a!-M  S':ri-.  -  it.-clf  in  .a]'!!.:-  Ilu-  ■•••l.tr  marks  are  usually  more  strik- 
ing ;;T.1  ']*.'])  i  ilic  .in  I,:'  lia«  rni-\i-'I  normal  moist  conditions — and 
therof'Tc  it  \\unlii  be  r.  a--ii.ilil.  {<>  -npposc  that  the  preservation  of 
the  'tliniinLi^'  niiiicaii--  i  n>-i:nal  lialiiial.  Aridity  would  seem  to  be  is- 
snrc<l  by  tlic  .T"lian  tlinrv." 


Bridence  on  tbt  Deposition  of  Loess. --Owen.        ^7 
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If  only  a  few  of  the  "alteraata"  retained  the  vivid  flamings 
their  testimony  might,  possibly,  be  regarded  as  of  doubtful 
value,  but  since  they  may  easily  be  collected  by  thousands  and 
faded  specimens  are  rare,  it  would  appear  quite  safe  for  the 
advocates  of  the  aqueous  theory  to  find  a  little  solace  in  them, 
as  well  as  the  casts,  and  accept  both  for  a  very  tangible  sup- 
port of  their  case.  t 

A  small  collection  of  fossils  from  the  samte  sources  had 
previously  been  sent  to  Dr.  Theodore  Gill  for  his  identification. 
None  of  the  flaming  alternata  were  included.  He  referred  the 
shells  to  professor  Bartsch  to  determine  exactly,  and  returned 
them  with  the  report  rendered  and  the  assurance  that  all  the 
species  are  living  land  shells,  although  some  of  the  Succineas 
arc  "Very  like  fresh-water  limnaeids."  The  species  reported 
are:  Circinaria  concava  Say;  Polygyra  multilineata  Say;  Sue- 
dnea  avara  Say;  Succinea  grovenorii  Lea;  Succinea  lineata 
Lea. 

The  specimens  submitted  by  professor  Wright  were  mainly 
taken  from  greater  depths  in  the  bluff  than  those  of  the  other 
two  collections.  ,       ' 

The  Circinaria  concava  and  the  Succinea  auara  are  by  no 
means  so  abundant  as  the  other  forms,  while  the  Succinea  ob^ 
liqua  is  the  most  numerous  everywhere  and  is  found  at  greater 
depths  than  any  other  form  in  cuts  that  penetrate  far  into  the 
bluff  or  through  it,  and  they  are  now  living  in  shallow  water 
in  the  deep  ravine  north  of  the  fossil  bearing  hills,  but  not  else- 
where in  that  vicinity.  Yet  in  the  highest  portions  of  the  up- 
land loess  the  Patula  alternata  and  others  of  the  lists  given  are 
everywhere  associated  with  it  and  are  of  almost  equal  num- 
bers. 

These  high  elevations  are  doubtless  the  land  areas  which 
produced  the  terrestrial  mollusks, — when  the  waters  were  not 
at  flood  stage.  It  is  reasonable  to  suppose  that  then  as  now 
there  were,  within  certain  limits,  considerable  variations  as  to 
time,  duration  and  stage  of  the  annual  flood;  these  being  de- 
pendent upon  such  variable  conditions  as  the  amount  of  both 
winter  snow-fall  and  spring  rains,  and  very  largely  on  the  di- 
rection of  the  winds.  If  the  winds  persist  in  the  north  until 
late  spring  the  "J""^  "se"  must  bring  "extreme  high  water*' 
of  short  duration  but  so  late  as  to  destroy  early  vegetation  on 
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submerged  areas  and  insures  a  less  luxuriant  late  growth, — 
unless  the  snow-fall  was  less  than  average.  On  the  other 
hand  a  heavy  fall  of  snow  may  be  carried  out  by  degrees  in 
long  time  if  south  winds  keep  the  rivers  open,  or  open  them 
early,  and  *'chinooks"  make  winter  visits  to  the  snow  fields.  In 
the  present  year  the  ice  broke  up  at  St.  Joseph  on  the  last  day 
of  Febniary  and  the  stage  of  the  river  increased  four  feet  in 
twenty- four  hours,  since  when  the  excess  of  snow  is  going  out 
in  March.  And  the  March  winds  are  denied  access  to  profes- 
sor Shimek's  poor  little  source  of  supply  for  the  double  range 
of  stately  bluffs.  It  might  also  be  considered  doubtful  if  the 
most  extreme  stage  of  high  water  wsls  of  regular  annual  oc- 
currence. 

A  reasonable  search  for  the  "sand-dune  areas"  in  the  vi- 
cinity of  St.  Joseph  has  not  met  with  success,  if  they  are  to  be 
identified  by  any  similarity  to  the  sand  dunes  of  northwestern 
Nebraska  or  New  Mexico,  or  those  of  Holland.  If  there  is  a 
resemblance  anywhere  it  is  only  in  the  loose  surface  soil,  of 
aeolian  origin,  that  often  caps  the  hills  and  covers  slopes  to  a 
depth,  usually  not  much  greater  than  the  length  of  grass  roots, 
or  fills  sheltered  depressions.  Dunes  might  equally  well  be 
sought  along  the  Rhine  or  on  the  banks  of  the  swift-flowing, 
yellow  Yangtsc-kiang,  where  its  loess  deposit  is  extending  the 
Qiinese  coast  line  and  driving  back  to  sea. 

'l^hc  river  bars  having  been  credited  with  a  lavish  generos- 
ity in  contributions  to  bluff  building  so  greatly  in  excess  of 
thrir  visi])lo  available  means,  it  may  be  acceptable  if  they  arc 
oitc'l  tr->  ?1k)w  that  where  the  floods  have  had  greatest  influence 
I  he  area.-  so  afTected  arc  not  rendered  at  all  unfit  for  such  plant 
life  as  snails  re«|nirc.  It  is  a  fact  well  and  positively  known  to 
<l\Nellers  «>ii  ilie  Missouri  river  that  in  an  incredibly  short 
timr  nfter  the  surface  of  the  bar  becomes  exposed  there  springs 
11])  w  iliiek  ecverini::  iA  willows  and  succulent  plants  which  de- 
v.!0]^  with  exireme  rapidity.  If  the  floods  pass  early  in  ftc 
-iMs'.n,  tht^  willows  form  dense  thickets,  or  "brakes,"  that  shcl- 
ttr  the  iiii'ler  uTKlcrt^^rowth  fn)m  the  summer  heat  and  protect 
ihe  bar«^  fnMn  .•e«>lian  en  sion  until  swept  away  by  the  next  sea- 
son's tlood.  The  hrirs,  accnrdinp^ly.  when  so  covered  might  be 
expeeu«l  to  retain  a  jptatnity  of  dust  brought  to  them 
frotn    Mtlur    sources.      Tf   liMwever.    the   river    maintains  a 
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high  stage  until  so  late  in  the  season  that  this  covering  of  veg- 
etation fails,  then  the  period  of  aeolian  erosion  is  extremely 
short;  and  after  so  long  a  wet  season  the  winds  are  seldom 
high.  The  development  of  land  snails  on  high  lands  subject 
to  similar  submergence  and  plant  growth  is  not  so  much  a 
mystery  to  be  explained  as  a  sequence  to  be  expected.  In  re- 
gard to  their  term  of  life,  S.  P.  Woodward  says : 

"Land  snails  are  mostly  biennial;  hatched  in  summer  and  autumn, 
they  are  half  grown  by  the  winter-time,  and  acquire  their  full  growth 
in  the  following  spring  and  aummer." 

These  frail  animals  are  known  to  inhabit,  or  infest,  all 
countries  save  the  arctic  regions,  to  thrive  in  altitudes  from  sea 
level  to  seven  thousand  feet,  and  to  successfully  resist  or  defy 
extermination.  Their  habits  of  hibernation  certainly  gave 
them'  protection  against  the  cold  of  winter  and  their  survival 
of  general  floods  may  be  accounted  for,  possibly,  in  more  than 
one  way.  It  is  known  to  naturalists  that  they  can  endure  sub- 
mergence while  in  hibernation  but  the  limit  of  such  endurance 
seems  not  yet  to  have  been  determined.    Dr.  J<^son  says : 

"There  is  something  admirable  in  this,  curious  adaptation  of  the 
economy  of  the  hibernating  creatures  to  their  situation;  for  otherwise 
they  could  not  live  beyond  a  single  summer  in  the  countries  which  they 
DOW  inhabit  with  impunity  to  themselves.  If,  during  their  active  state 
of  existence,  you  were  to  keep  a  Limneus,  or  any  other  aquatic  pul- 
moniferous  species,  immersed  in  water  for  only  one  short  day,  or  even 
for  little  more  than  an  hour,  it  would  die  irrecoverably;  but  it  remains 
under  water,  perhaps  with  the  surface  frozen  over,  for  three  or  four 
months  uninjured,  when  the  system  has  been  prepared  in  autumn  for  the 
change.  And  so  of  the  land  kinds;  they  perish  if  deprived  of  air  for 
a  few  hours  only  in  summer,  or  if  exposed  to  an  artificial  cold  not  lower 
than  the  cold  of  winter ;  but  in  a  state  of  hibernation  tney  respire,  if  any, 
such  a  small  quantity  of  air  as  not  to  be  appreciated,  and  brave  our 
longest  and  severest  frosts  without  peril  and  without  pain." 

Many  may  have  also  survived  among  the  uprooted  willows 
and  other  growths  that  may  be  seen  floating  as  rafts  on  a  Mis- 
souri flood,  and  soon  anchored  in  masses  to  a  stranded  tree  or 
snag.  Large  quantities  of  eggs  might  also  be  carried  short 
distances  in  nests  held  securely  among  the  fibrous  roots.  Roots 
of  any  considerable  size  float  above  the  water. 

The  question  of  sustenance  is  an  even  more  simple  one  to 
dispose  of  when  we  consider  that  snails  are  by  no  means  fastid- 
ious and  actual  starvation  is  not  a  serious  menace.    Of  diet  Dr. 
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Johnson  says :  "The  land  tribes  seem  to  refuse  no  tender  herb;** 
and  in  another  place: 

"On  occasions  they  eat  voraciously;  but,  when  necessary,  they  can 
sustain  a  fast  longer,  perhaps,  than  any  other  animated  beings:  snails 
having  been  kept  for  upwards  of  a  year,  nay,  for  years,  and  the  Lim- 
naeae  and  Pianorbis  for  many  months,  without  any  food,  except  that 
small  and  tenuous  portion  which  they  might  extract  from  the  air  and 
water." 

The  same  authior  referring  to  herbiverous  mollusks  occa- 
sionally zoophagous,  says: 

*'The  pulmonated  gasteropods  have  a  strange  hankering  after  flesti, 
and  become  very  cannibals  in  satisfying  this  propensity.  Lister  asserts 
that  snails  will  eat  flesh  of  all  kinds,  particularly  fish  and  salted  meat; 
and  that  having  once  placed  an  individual  of  the  Helix  aspersa  with 
another  of  the  Arion  atcr  in  a  vessel  together,  he  found  on  the  follow- 
ing day,  that  the  former  had  slain  the  slug,  and  had  miserably  torn  and 
eaten  its  skin." 

And  also  that — "In  the  absence  of  other  nourishment,  they  will  even 
devour  each  other,  piercing  the  shell  near  its  apex,  and  eating  away  the 
upper  folds  of  its  inhabitant.  This  accounts  for  the  mutilated  and  often 
imperfectly  repaired  state  of  the  upper  volutions  of  some  spedment." 

So  it  would  seem  that  under  whatever  conditions  and  tem- 
porary changes  the  loess  snails  existed  their  wants  were  suffic- 
iently provided  for,  if  the  one  condition  of  aridity  be  excluded. 
Even  that  can  be  endured  in  a  torpid  state  in  climates  where 
the  altemating  rainy  season  affords  ample  opportunity  for 
propagation  and  development ;  but  if  they  passed  half  the  year 
in  hibernation  on  account  of  cold,  and  the  other  half  in  the 
torpor  demanded  by  aridity,  even  such  prolific  creatures  as 
snails  must  have  shown  a  steady  decrease  as  the  bluffs  grew  in 
hipfht  instead  of  the  very  marked  increase  that  the  hill-tops 
proclaim. 
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MISSOURI   PALAEONTOLOGY. 
Bj  R.  R.  XowLBT,  I«oaisl«na,  Mo. 

PLATB  XXI. 
Cyathoorinut  formotut,  n.  tp. 
Fig.  I.    Side  view  of  the  type,  natural  size. 

Calyx  elongate  conical ;  underbasals  five,  large  and  occu- 
pying nearly  a  third  of  the  hight  of  the  calyx.  Basals  large, 
six-  and  seven-sided.  Radials  hardly  as  large  as  the  tmder- 
basals,  with  a  broad  scar  above  to  receive  the  first  costal.  Each 
upper  sloping  edge  of  the  bifurcating  second  costal  supports  a 
series  of  three  radials  of  a  higher  order.  Here  again  the  third 
plate  is  bifurcating  and  supporting  a  third  order  of  radials. 
As  the  ravs  have  lost  little  in  width  at  this  hight,  it  is  prob- 
able they  were  much  longer  and  bifurcated  a  number  of  times 
more.  Just  above  the  single  large  anal  plate  and  inclosed  by 
three  other  plates  above  is  a  round  anal  opening,  apparently 
near  the  base  of  a  short  anal  tube. 

The  ornamentation  of  the  body  plates  is  low,  sharp,  radiat- 
ing ridges  and  little  nodes,  the  striae  being  ahnost  parallel.  A 
slight  ridge  follows  the  free  ray^  and  this,  with  nodes,  con- 
stitutes the  ornamentation  of  the  arms. 

An  inch  of  stem  is  attached  to  the  specimen,  made  up  of 
alternate  larger  and  smaller  joints  set  with  nodes,  like  circular- 
saw  teeth.  The  central  canal  of  the  stem  is  strongly  five-lobed. 
The  underbasals  of  our  specimen  extend  upward  to  some  Kight 
instead  of  being  "spread  out"  or  "with  a  slight  upward  curva- 
ture," per  generic  diagnosis,  and  again  the  basals  are  much 
larger  than  the  radials,  contrary  to  Wachsmuth  and  Springer. 
The  type  came  from  the  top  of  the  Lower  Burlington  limestone 
at  Louisiana,  Mo. 

Cryptoblastut  m«lo  O.   &   S. 

Fig.  2.  A  lateral  view  of  a  crushed  specimen  to  which  two  or  three 
segments  of  the  column  are  attached.  The  first  seg^ment  seen  outside 
of  the  base  is  somewhat  larger  than  the  next,  and  completely  covers 
the  basal  concavity. 

Fig.  3.  A  view  of  the  anal  (?)  interradius  of  another  specimen  in 
which  a  large  elliptical  plate,  nearly  a  third  of  the  body  in  length,  lies 
below  the  deltoid,  thus  giving  two  interradials  to  the  area.  This  plate 
has  a  convex  surface  in  strong  contrast  to  the  valley-like  suture  line 
of  the  radials. 
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Botji  specimens  are  from  the  top  of  the  fourth  division  of 
the  Lower  Buriington  limestone,  Pratt's  quarry,  Louisiana,  Mo. 

Schizoblattut  tayi    Shumard. 

Fig.  4.  Ventral  view  of  an  imperfect  specimen  showing  the  exten- 
sion of  the  ventral  covering  over  the  ambulacra!  furrows  of  two  areas. 
In  fact  these  furrows  have  been  covered  in  all  five  of  the  ambulacra 
and  only  recently  have  the  roofing  plates  been  removed  as  shown  by 
the  calcite  still  filling  the  furrows  like  little  rods.  The  two  areas  that 
still  preserve  the  covering  show  the  furrow  to  be  arched  over  by  a 
neat  little  roof,  the  ambulacrum  appearing  like  a  blunt  ridge.  We 
have  this  same  feature  exhibited  on  two  or  more  specimens  of  Oropho- 
crinus  stellifortnis,  the  roofing  extending  to  the  very  ambulacral  tips 
as  has  been  the  case  in  the  specimen  of  jsayi  before  us. 

The  specimen  came  from  the  base  of  the  Upper  Burlington 
limestone,  Pratt's  quarry,  Louisiana,  Mo. 

Lophoblattua  pantagonus,   n.   sp. 

Fig.  5.  Basal  view  of  the  type  specimen,  natural  size. 

Fig.  6.  Ventral  view  of  the  same  specimen. 

Fig.  7.  Side  view  of  the  type. 

Fig.  8.  Ventral  view  of  the  same  specimen,  four  dianaeters. 

The  three  basal  plates  of  the  usual  Mastoid  shape,  form  a 
low  conical  convexity  quite  half  the  greatest  diameter  of  the 
body.  The  length  of  the  radials  is  more  than  half  the  body 
length  and  their  width  is  two-thirds  their  length. 

The  interradials  are  long  enough  to  be  well  seen  on  a  side 
view.  The  pore  pieces  of  the  rather  narrow  ambulacra  have  all 
been  removed  from  weathering,  thus  exposing  the  lancet  piece, 
full  length.  The  ambulacra  are  not  sunken  but  fonn  strong 
n)unded  ridges  whose  distal  ends  are  so  far  from  the  radio- 
basal  sutures  that  a  basal  view  gives  a  rather  strong  stellate 
ai>])oarance  t(.»  the  fossil.  The  anal  interradial  has  been  re- 
moved but  the  anal  opening  was  probably  above  medium  size 
and  bounded  on  the  outside  by  a  hood-like  projection.  The 
si^iracles  arc  ten  rather  elongate  openings.  The  spade-like  in- 
ner areas  of  the  interradials  are  depressed  at  their  centers  like 
miniature  fin.LTer  prints. 

The  surfaci-  fur  the  attachment  of  the  column  is  rather 
^mall  and  the  c<«lunmar  canal  minute  and  apparently  round. 
The  oniamentatinn  is  pro])a])ly  delicate  longitudinal  ridges  as 
in  other  sjx'cirs  uf  the  genus  but  our  specimens  are  not  in  a 
condition  to  show  this  feature.  Tlie  collection  contains  four 
specimens,  two  from  Bowling  Green  and  two  from  near  Curry- 
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ville.  Mo.    The  figured  specimen  is  from  the  Chouteau  lime- 
stone of  the  former  place. 

Eretmoorinut   nodosut    Rowley. 

Pig.  9.    Side  view  of  the  body  of  a  specimen  differing  somewhat 
from  the  type  of  the  si>ecies. 

Eretmocrinus  nodosus  was  figured  and  described  in  Vd. 
XXV,  February,  1900,  American  Geologist. 

The  figure  on  the  accompanying  plate  is  of  a  more  elongate 
but  less  nodose  specimen,  occurring,  however,  in  the  same 
hbrizon  as  the  type. 

Base  layer  of  the  Upper  Burlington  limestone,  Pratt's  quar- 
ry, Louisiana,  Mo. 

AmpUxut  arohimediformit,  n.  sp. 
Fig.  10.    Side  view  of  the  type  specimen,  natural  size. 

The  type  specimen  as  it  lay  half  imbedded  in  soft  white 
chert,  looked  strikingly  like  the  axis  of  an  Archimedes,  Owing 
to  the  very  thin  and  delicate  character  of  the  frill-like  expan- 
sions and  the  difficulty  of  removing  the  matrix  without  injuring 
the  specimen,  the  fossil  has  been  but  little  cleaned.  The  body 
is  very  slender,  elongate,  often  twisted  or  distorted,  constricted 
in  places  and  surrounded  at  irregular  intervals  by  thin,  broadly 
expanded  calicular-like  growths.  There  are  no  external  ap- 
pearances of  either  septa  or  tabulae,  but  it  is  almost  certain 
from  stems  apparently  of  this  species,  split  lengthwise,  that  the 
septa  are  merely  superficial,  leaving  the  greater  part  of  the 
stem  diameter  as  a  cavity  divided  into  chambers  by  tabulae  ex- 
tending entirely  across  the  latter,  arranged  like  the  external  ex- 
pansions at  irregular  intervals,  but  not  very  close  together. 

The  calyx  of  the  type  cannot  well  be  cleaned  without  de- 
stroying the  outer-cup  wall,  but  was  obviously  a  deep  funnel 
with  a  thin  and  greatly  expanded  outer  wall,  almost  smooth 
both  on  the  inside  as  well  as  on  the  outside,  the  lamellae  hard- 
iy  visible  at  the  bottom  of  the  cup  around  the  edge  of  the  tab- 
ula. This  peculiar  coral  occurs  about  seventeen  feet  below  the 
Orophocrinus  stelliformis  horizon  of  the  Lower  Burlington 
limestone  at  Louisiana,  Mo. 

The  type  came  from  the  Duff  Green  quarry  and  is  from  a 
white  chert  nodule. 

Other  specimens  from  the  Pratt  and  Cole  quarries. 
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Monilopora  ampl«xa    Rowley. 

Figs.  II,  12,  13,  14,  15,  16.  Showing  joints  of  crinoid  columns  girt 
about  by  this  peculiar  coral. 

Fig.  19.  A  large,  long  column  with  a  great  swollen  zone  occasioned 
by  two  or  more  girdling  corals. 

Figs.  17,  18.  Swollen  stems  produced,  no  doubt,  by  parasitic  guesti 
as  apparently  indicated  by  pits  and  shallow  depressions. 

This  coral  was  originally  described  in  the  June,  1901,  num- 
ber of  the  American  Geologist^  under  the  name  of  Aulopora 
amplexa.  It  undoubtedly  belongs  to  professor  Grabau's  genus, 
Monilopora  and  is  refigured  on  the  accompan)dng  plate  to 
show  the  manner  of  growth  and  to  account  for  certain  protub- 
erances and  enlarged  sections  of  crinoid  stems  often  noticed  by 
collectors  in  the  Burlington  limestone. 

From  most  of  the  accompanying  figures,  it  is  evident  that 
the  coral  attached  itself  to  the  stem  of  the  living  crinoid  and 
there  lived  and  grew  until  it  was  enveloped  by  the  growing 
stem. 

Like  the  sting  of  an  insect  to  the  twig  of  a  tree,  the  girding 
Monilopora  on  the  living  crinoid  stem  gave  rise  to  an  excre- 
scence or  enlargement  of  the  column. 

In  figure  ii  we  find  a  healthy  young  coral  encircling  a 
small,  round  stem  joint  that  never  grew  after  the  attachment 
of  the  coral  or,  less  probable,  the  stem  was  dead  when  the 
coral  began  its  growth. 

In  Figure  12  the  coral  was,  perhaps,  dead  before  the  crin- 
oid stem  ceased  to  grow,  so  also  in  figures  13  and  14,  as  evi- 
denced by  the  broken  Monilopora  cups,  and  stem  as  well,  in 
figure  15. 

In  figure  13  the  after  growth  of  the  crinoid  stem  has  en- 
tirely surrounded  the  girding  stem  of  the  coral  and  has  almost 
done  so  in  figure  14.  the  cup  ends  of  the  coral  appearing  as 
entrances  to  tunnels. 

In  figure  15  the  Monilopora  has  been  destroyed  after  the 
separati(Mi  of  the  crinoid  stem  from  its  head  and  has  left  a 
circular  passage  around  the  stem,  broken  into  in  places. 

In  figure  16  the  crinoid  column  and  coral  have  grown  t<H 
gether  and  per]ia])s  died  together  as  the  Monilopora  cups  are 
entire  despite  the  fact  the  crinoid  column  has  enveloped  the 
coral  stem. 
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Figure  19  is  a  round,  rather  large  stem  that  has  been  girt 
about  by  apparently  several  colonies  of  Monilopora  and  has  en- 
larged itself  greatly  about  the  region  of  attachment  by  external 
growth  that  has  enveloped  and,  doubtless,  destroyed  the  para- 
sites. 

Figures  17  and  18  are  swollen  stems  with  pits  and  depres- 
sions due  either  to  Monilopora  or  some  boring  organism. 

One  crinoid  stem  in  our  possession  less  than  a  quarter  of  an 
inch  in  lengtli  has  two  girding  Monilopprae. 

0>nical  pits  often  thickly  cover  the  surface  of  enlarged 
stem  joints  and  occasionally  plates  of  crinoid  bodies,  giving 
rise,  in  the  latter  case,  to  warty  protuberances,  but  the  origin 
of  these  pits  is  as  yet  unknown  to  the  writer. 

A  calyx  of  a  Cactocrinus  before  us  has  every  plate  covered 
by  the  mouths  of  small  pits. 

It  is  a  little  surprising  that  this  Monilopora  grew  only  on 
<:rin<Md  stems  and  nine  out  of  every  ten  of  our  specimens  gird 
Platycrinus  stem  joints.  Evidently  there  was  a  preference  for 
the  stems  of  the  latter  genus. 

Two  crinoid  columns  before  us  are  noticeably  constricted 
by  girding  Bryosoa,  incrusting  the  stems  at  those  places.  Fig- 
ures 1 1,  16  are  of  specimens  from  near  the  middle  of  the  Lower 
Burlington  limestone.  The  rest  are  from  the  top  of  the  Lower 
Buriington,  while  the  collection  contains  many  from  the  base 
of  the  Upper  Burlington  and  the  top  of  the  Chouteau  lime- 
stone (at  Fern  Glen,  Mo.). 

Locality,  Louisiana,  Mo. 

Oi^>phoorinut  ttelliformis. 
ig.  20.    Aspect  of  the  ventral  side  of  a  natural  cast. 


The  specimen  figured  is  the  only  natural  cast  of  this  species 
ever  found  by- the  writer  and  shows  some  interesting  features. 
From  the  central  pentagonal  opening  radiate  five  bifurcating 
canals  with  an  apparent  semicircular  canal  about  the  center. 

The  ten  elongate,  spiracular  slits  appear  as  elongate,  ellip- 
tical elevations,  the  hydrospires  being  faintly  outlined  only  near 
the  distal  ends  of  the  ambulacra.  The  anal  opening  also  ap- 
pears as  a  slight  elevation  between  two  ambulacra. 

The  specimen  is  from  a  chert  nodule  of  the  Lower  Bur- 
lington limestone,  Pratt's  quarry,  Louisiana,  Mo. 
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Orophoorinut  ooniout?    W.  &  Bp, 

Fig.  21.  Side  view  of  a  specimen  apparently  of  Wachsmuth  and 
Springer's  species. 

The  specimen  is  beautifully  ornamented  by  lines  paralld 
with  the  plate  sutures.  It  is  but  little  lobed  at  the  summit, 
with  ambulacra  of  medium  width  and  the  body  slightly  ccm- 
stricted  just  below  the  region  of  the  radio-basal  sutures. 

The  specimen  came  from  the  third  division  of  the  Lower 
Burlington  limestone,  Pratt's  quarry,  Louisiana,  Mo. 

A  form  very  similar  to  this  has  been  found  near  the  top  of 
the  fifth  division. 

Orophocrinut  ttelliformit?    O.  &  S. 

Figs.  22,  23,  24.  Side  and  summit  views  of  a  beautiful  little  speci- 
men from  the  soft  white  chert 

It  is  probably  the  young  of  O.  stelliformis,  though  it  differg 
somewhat  from  that  species.  The  body  is  but  little  lobed  above 
and  terminates  in  a  basal  handle  below.  The  ambulacra  are 
short  and  broad  being  distinctly  petaloid.  The  spiracles  are 
elongate  slits  while  the  anal  opening  enters  the  test  in  such  a 
way  as  to  make  a  sharp  dent  in  the  peripheral  outline.  The 
central  opening  is  covered  by  a  roof  of  small  plates  that  ex- 
tends down  each  ambulacral  center  almost  or  quite  to  the  distal 
extremities. 

From  the  Cryptoblastus  melo  horizon  of  the  Lower  Bur- 
lington, Cole's  quarr}',  Louisiana,  Mo. 

Pentremites  conoideut   Hall. 

Fip:.  2^.  Side  view  of  a  very  large,  inflated  specimen  with  a  baie 
not  visiMi?  in  this  position. 

Fig.  2()  is  '^onicwhat  like  P.  elongaUis  in  outline  but  is  a  true  catu^ 
iicns.    It  cnne  from  the  Warsaw  beds  of  Mount  Newman,  Kentucky. 

Contrast  with  the  next  figure,  an  elongate  specimen  with  a 
protuberant  base.  These  represent  the  two  extremes  in  conoir 
dcus,  but  they  arc  not  entitled  to  specific  distinction. 

Tliis  is  unusually  rotund  and  does  not  show  the  usually 
marked  flit'ference' between  the  diameter  near  the  summit  and 
tliat  at  the  distal  ends  of  the  ambulacra.  This  specimen  was 
obtained  from  the  Warsaw  limestone  at  Grand  Tower,  Illinois. 

Metabiastus  lineatus    Shumard. 

Fif;.  27  is  an  injured  specimen  with  a  portion  of  the  n?^www«  de- 
tached and  lying  near  by  on  tlie  slab.  The  diameter  of  the  stem  scar  at 
the  base  of  the  bla^toid  body  i^;  the  same  as  that  of  the  detadicd  col- 
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timn  and  leaves  no  doubt  of  the  correctness  of  the  reference.  The 
stem  segments  are  very  thin  and  of  uniform  diameter,  together  form- 
ing a  perfectly  smooth  column. 

Third  division  of  the  Lower  Burlington  limestone,  Cole's 
quarry,  Lx)uisiana,  Mo. 

Metablattut  bipyramidalit   Hall. 

Fig.  28  is  a  small  specimen  preserving  the  delicate  pinnules.  It  is 
from  the  Keokuk  beds  at  Boonville,  Mo. 

Matablastua  linaatut    Shumard. 

Fig.  29.  Side  view  of  a  small  specimen  from  the  third  division  of 
the  Lower  Burlington  limestone.  The  specimen  is  from  the  soft  white 
chert  and  preserves  the  test 

Fig.  3a  Side  view  of  a  natural  cast  from  the  Upper  Burlington 
chert 

These  two  figures  are  intended  for  comparison  with  other 
species  of  Burlington  Mastoids  of  the  elongate  form,  figured  on 
this  plate. 

Figure  29  is  beautifully  striate  under  the  lens.  A  cast  of 
this  species  in  our  collection  is  over  two  inches  long  and  in 
size  rivaled  either  zvortheni  or  bipyramidalis. 

Burlington  limestone,  Louisiana,  Mo. 

Codattar  graoillimua  Rowley. 

Figures  31,  32.  Side  views  of  the  tjrpe  and  a  much  smaller  specimen^ 
natural  size. 

These  specimens  are  figured  here  for  comparison  with  other 
elongate  forms.  Like  Cadaster  grandis,  C.  laevicnlus  and  the 
new  form,  C.  superbus,  this  species  has  hydrospire  slits  in  all 
five  of  the  interambulacnd  areas  and,  according  to  Ethridge 
and  Carpenter's  classification,  would  be  a  Phaenoschisma.  The 
surface  is  beautifully  striate  and  the  specimens  came  from  the 
soft  white  cherts  of  the  third  division  of  the  Burlington,  Pratt's 
and  Cole's  quarries. 

The  chief  characteristics  of  this  species  are  its  slender  form 
almost  flat  ventral  region,  narrow  ambulacra,  very  fine  hydro- 
spire  slits,  very  elongate  basal  plates  (from  a  half  to  two-thirds 
the  length  of  the  fossil),  sharply  angled  character  of  the  baso- 
radial  sutures  at  their  junctions. 

Masoblaatua  kirkwoodensis?  Shumard. 

Fig.  33.    Side  view  of  a  small  but  plump  specimen. 
Fig.  34.    Ventral  view  of  the  same  specimen. 
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This  is  the  rarest  blastoid  in  the  Boonville  beds  and  the 
specimen  figured  is  the  only  plump  one  the  writer  has  seen. 
Of  four  other  specimens  in  the  collection,  all  are  much  larger 
than  this  one  but  cnished  out  of  shape.  The  test  seems  to  be 
very  thin. 

There  is  some  doubt  about  the  correctness  of  this  reference, 
since  M,  kirkwoodcftsis  comes  from  a  higher  formation,  the  St 
Louis  limestone.  Also,  our  specimens  are  less  concave  at  the 
ventral  or  top  end,  but  otherwise  agree  fairly  well  with  Dr. 
Shumard's  species. 

In  the  Boonville  beds  there  is  a  strong  commingling  of 
Keokuk  and  Warsaw  fossils. 

Keokuk-Warsaw  limestone,  Boonville,  Mo. 

Codaster  tuparbus,  n.  sp. 

Fig-  35-  A  natural  chert  cast  of  the  visceral  cavity  of  the  type 
specimen,  side  view. 

Fig.  36.    Ventral  view  of  the  same  specimen  showing  the  hydrospire 

slits,  ambulacra  and  other  features. 

The  basal  plates  are  quite  half  the  body  in  length  and  form 

a  pyramidal  cup. 

The  radials  extend  to  the  ventral  surface,  the  interradials 
beini^  very  small  and  not  visible  on  a  side  view. 

The  very  narrow  ambulacra  are  short  and  occupy  the  bot- 
tom of  rather  deei)  valleys  whose  sides  are  crossed  bv  fifteen 
or  sixteen  hydrospire  slits  each  or  from  thirty  to  thirty-two  to 
the  area. 

These  slits  are  crowded,  parallel  with  each  other  and  the 
ambnlnrriini. 

A<  in  Cnilasicr  <^raiiJis,  the  slits  occupy  both  sides  of 
L'Vi  rs  iiit(.'r-aiiil)iihicral  area,  thus  excluding  both  these  species 
in  nil  the  jurniis  i'()dastcr  as  rediaj^nosed  by  Ethbridge  and  Car- 
]  Hunter. 

The  anal  i'j)oniiii;  is  not  large  and  the  central  area,  usually 
i.|M-n  iTi  mn^t  -])reies  of  hlastoids  from  the  fragile  character  of 
ilk'  r(.»verini^  j»lalos.  is  eloscd  in  this  specimen. 

A^  in  Mtlur  sju'cies  of  the  j^enus,  the  ornamentation  is  fine 
]iiu>  i)aralK'l  with  tlu-  ])late  suinres.  Tlic  stem  was  small  and 
tlu-  ])U"f<»raiion  minnie.  Tlie  ty])e  came  from  a  piece  of  chert 
not  in  ])lace  but,  fmni  associated  fossils,  evidently  belongs  to 
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'  the  upper  part  of  the  Upper  Burlington  limestone,  much  above 
the  horizon  of  C  grandis. 

The  type  specimen  is  quite  an  inch  and  a  quarter  long  and 
much  the  finest  species  of  the  genus. 

Upper  Burlington  chert,  Louisiana,  Mo. 

Codattor  ia«vioulut   Rowley. 

Fig.  37.  Side  view  of  a  specimen,  a  little  flattened,  as  it  lies  partly 
imbedded  in  soft  earthy  limestone. 

Fig.  2^.    A  typical  natural  cast  of  this  species  from  chert. 

Fig.  39.  Side  view  of  a  natural  cast  from  chert,  probably  a  variety 
cf  this  species. 

Cadaster  laeviculus  differs  from  the  other  Burlington  spe- 
cies of  this  genus,  greatly,  in  its  broad,  petaloid  ambulacra 
covering  completely  the  hydrospire  slits,  and  in  the  possession 
of  five  rather  large  heart-shaped  openings  at  the  junction  of 
the  ambulacra,  near  the  central  opening. 

It  is  doubtful  whether  it  could  be  ranged  under  Phaeno- 
schisma.  This  is  rather  a  puzzling  form,  possessing  character- 
istics of  several  genera. 

It  occurs  in  the  very  basal  layer  of  the  Upper  Burlington 
limestone  and  cherts  of  the  same  horizon. 

Specimen  37  is  from  Pratt's  quarry,  Louisiana,  Mo. 

Codaster  grandis    Rowley. 

Figs.  40  and  41.  Side  and  summit  views  of  a  medium  sized  speci- 
men.   A  natural  cast  from  chert. 

This  is  a  very  handsome  species  and  is  figured  here  to  com- 
plete the  Burlington  species  of  the  genus. 

Its  rotund  form  with  a  broad  ventral  surface  and  slender 
ambulacra  at  once  separate  it  widely  from  the  other  Burling- 
ton species. 

Three  limestone  specimens  came  from  the  basal  layer  of 
the  Upper  Burlington  limestone  in  Pratt's  quarr>',  while  the 
specimen  here  figured  was  found  near  Curryville,  Mo.,  and  the 
type  specimen  from  a  chert  on  the  hillside,  west  of  Louisiana. 

While  there  is  some  resemblance  in  outline  between  Codas- 
ter lacin cuius  and  C  superbus,  the  latter  has  many  more  hydro- 
spire  slits  to  the  area  than  the  former,  and,  in  fact,  more  than 
any  other  Burlington  species,  except  C.  ^i^randt's.    The  narrow 
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ambulacra  and  greater  size  also  are  specific  characters  of  C 
superbus. 

Note. — The  discovery  by  the  writer  of  granular  surface  or- 
namentation on  the  plates  of  both  dorsal  and  ventral  cups  of 
certain  well-preserved  Burlington  crinoids,  usually  considered 
smooth,  has  led  him  to  believe  that  this  granular  character  is 
rather  the  rule  than  the  exception  and  he  is  not  surprised  to 
add  to  his  list  other  granular  species  from  time  to  time.  The. 
list  at  present  embraces,  Agaricocrinus  brevis,  Eretmocrinus 
coranatus,  BaUocrinus  subaequalis,  Steganocrinus  sculptus, 
Agaricocriniis  bullatus,  Agaricocrinus  wortheni  (from  the  Ke- 
okuk) and  several  species  of  Megistocrinus  and  Dolatocrinus 
(from  the  Devonian). 

EXPLANATION  OF  PLATE. 

(All  figures  except  figure  8  are  drawn  natural  sise.) 

Cyathocrinus  formosus,  n.  sp. 
Fig.  I.    Side  view  of  the  type  as  it  lies  on  a  slab,  natural  size. 

Cryptoblastus  mclo  O.  &  S. 

Fig.  2.    A  lateral  view  of  a  crushed  specimen  showing  two  or  three 

of  the  top  stem  joints.     Natural  size. 

Fig.  3.    A  view  of  the  anal  interradius  of  another  specimen  showing 

.'in  cxlr:i  plate  below  the  deltoid. 

Scliicoblastus  sa\i    Shumard. 

Fig.  4.    Vemr.'il  view  vi  a  specimen  showing  a  central  roof  of  small 

jiVi'i-  that  txtriKN  Mill  liver  the  ambulacra. 

Lopli.ihl'istus  pcntagonus,  n.  sp. 

Ficr-5.  5.  f-,  7.     r.iisnl,  >umiuit  and  side  views  of  the  type.     Nat.  sire. 
Fi.:.  .'^.     X'lTTiral  view  uf  tlu-  same  specimen,  four  diameters. 

I:.',t}i!''rr!niis  lunii'Sits  Rowley. 

]■"'%:    o.     ?•■!■■  \'A\\   '-i  -.i  tine  Npi-cimen,  natural  size. 

.' I.' .•/'■'. '.rif.v  .iirliiiiicdiformis,  n.  sp. 
V-2.  :<«.     Siiie  vii'A   '  1  !lie  lyiH-  s[)ecimen,  natural  size. 

M,  ;:':'-p.T,!  iiwrliWii  Rowley. 

]•"■/-.     1.   ;_.  i.v  M-  1^    T'i.    Stem  joints  surrounded  by  Moniloponu 
ifi  1  .-'■■■••. 
I'"..:-,  'p.  1^     >'M  "'.  ■'  -'.'11  ■■  :int-  wiih  i)its  and  depressions. 
]•['..   m.     .\  ].::■.  -'.-.Mr    ■  :u.'l<«ping  Monilopora.     Nat  size. 

i.n-\-\  ■.!•'■;■  :^v  s'rlliffnnis    O.  &  S. 
Fi.z.  2().    \'er.:r:il    i-p'.o!  ■.  •'  :■  natural  cast,  natural  size. 
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Orophocrinus  conicusf  W.  &  Sp. 
Fig.  21.     Side  view  of  a  specimen  apparently  of  this  species. 

Orophocrinus  Aelliformisf  O.  &  S. 

Figs.  22,  23,  24.    Side  and  summit  views  of  an  apparently  young 
specimen. 

Pentremites  conoideus  Hall. 

Fig.  25.    Side  view  of  a  robus  specimen  with  slightly  concave  base. 
Fig.  26.    Side  view  of  an  elongate  specimen  with  convex  base. 

Metablastus  bipyramidalis  Hall. 
Fig.  28.     Side  view  of  a  small  specimen  preserving  the  pinnules. 

Metablastus  lineatus  Shumard. 

Fig.  27.    Side  view  of  a  small  specimen,  with  detached  column  near. 

Fig.  29.     Side  view  of  a  small  specimen,  preserving  the  test,  natural 
size. 

Fig.  50.    Side  view  of  a  medium  sized  internal  cast,  natural  size. 

Codaster  gracillimus  Rowley. 

Figs.  31,  32.     Side  views  of  tv;o  different  specimens,  natural  size. 

Mcsoblastus  kirkwoodcnsisT  Shumard. 
Figs.  33,  34.     Side  and  summit  views  of  the  same  specimen,  natural 
size. 

Codaster  superbus,  n.  sp. 

■ 

Fig"?.  35,  36.     Side  and  summit  views  of  the  type,  a  natural  cast, 
natural  size. 

Codaster  lacinculus  Rowley. 

Fig.  2.7-  Side  view  of  a  specimen  preserving  the  test,  natural  size. 

Fig.  38.  Side  view  of  a  natural  cast  of  this  species,  natural  size. 

Fig.  39.  Side  view  of  a  natural  cast,  doubtfully  identified,  natural 
size. 

.Cadaster  grandis  Rowley. 

Figs.  40,  41.     Side  and  summit  views  of  a  natural  cast,  natural  size. 
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FJORDS  AND   HANGING  VALLEYS. 
By  Wakbbn  Upham,  St.  Paul,  Minn. 

From  Denmark  and  Norway  we  receive  the  word  fjord, 
designating  any  long  and  often  branched  inlet  of  the  sea,  in- 
closed in  Denmark  ])y  shores  of  only  moderate  hight  and  gen- 
tle slopes,  but  in  Norway  having  steep  or  occasionally  precip- 
itous shores.  fre(|uently  of  mountain  higiits. 

If  we  retain  the  foreign  spelling  of  the  word,  as  here, 
instead  of  anglicizing  it  to  fiord,  its  unique  orthography  tells 
the  reader  that  it  is  of  Scandinavian  origin,  bringing  to  mind 
the  grand  Norwegian  fjords,  the  longest  and  deepest  in  the 
world,  r>ne  of  which,  the  Sogne  fjord,  extends  more  than  a 
hundred  miles  inland,  has  many  branches,  is  enclosed  by  cliffs 
and  plateaus  abuut  a  mile  high,  and  has  a  maximimi  depth  of 
4.oS()  feet  iKiieath  the  sea  level.  The  reader  is  also  obliged  by 
tiiat  <'ri,q:inal  .si)elling  to  pronounce  fjord  as  a  monosyllable. 
a:nl  k-arns  that  the  ;  has  the  s<oun<l  of  our  y  as  a  consonant. 
lavmolj^i/icallv  this  word  is  nearlv  akin  with  the  Scottish  iirth 
and  fritJi :  and  it  is  t<»  he  remarked  that  some  of  the  fjords  or 
fritli>  <.=  r  Scotland  have  low  sh<)rfs,  as  in  Denmark,  while  many 
otluTs  are  like  the  awe-in>piring  fjords  of  Norway. 

rim*^  It  i>  seen  that  the  term  fjord  is  well  applicable  to 
\]]r  inltt-  of  the  relatively  low  ciasts  of  Maine,  the  eastern 
I'V. '\  i:ie«-  I'f  (."aiiada  ancl  Newfoundland,  and  to  l^uget  sound 
aii'l  al:  it-  l)raiiilu>,  tli"Ui:ih  immediately  inclosed  by  land  of 
11-  -irai  a-!i:ivlf.  (ii-iierallx,  however,  this  name,  in  most  re- 
■^■••■w-  !'■  r  wliivh  :i  i-  CMnimdnly  adopted,  as  for  the  majestic 
S.il:i:.ii;i\  r:v(  r.  ar.<!  i:i  Lahrad'T,  t  Ireenland,  all  our  Artie  ar- 
*  l^i'i-ii-' ■.  :;iid  Alaska.  i>ii  tlu-  i  <  •a.'-t  of  i»ritish  Columbia,  anJ 
'.^^  I'ata-'  Ilia  .'ind  X«.\\  Zealand.  >i.c;nities  a  deep  but  narrow  in- 
■  «  1  't'  i!i.-  -I  a.  in  a  d.rrp  \all(  \  i -r  .^'orge.  with  steep  and  ver>' 

<  '"niinniiiL:'  inland,  ilu*  t'i..rd,  \:i:iey.  gorge,  or  cafion,  is  oc- 
eu]'i.'d  l»v  a  <n\ani.  t--  wliie'i  •■iher  >treams  are  tributar\^  from 
each  "^ijle.     Likewise  the  arm-  **\   the  longer  fjords,  and  the 
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landward  continuations  of  their  valleys,  show  a  perfect  analo- 
gs' with  river  systems.  Therefore  Dana,  a  half  century 
ago,  in  1855,  in  his  address  as  the  retiring  president  of  the  Am- 
erican Association,  explained  the  fjords  as  channels  eroded 
by  rivers  when  the  lands  so  indented  stood  higher  than  now, 
at  altitudes  measured  by  the  depths  of  the  fjords  now  beneath 
the  sea;  and  at  the  same  time  he  sagaciously  ascribed  the 
cold  of  the  Glacial  period  to  such  increase  in  the  elevation  and 
extent  of  northern  lands. 

An  argumient  lately  urged  against  the  river-erosion  of  the 
fjords,  and  instead,  referring  these  deep,  narrow,  and  often 
irregularly  bending,  zigzagging  and  branching  valleys,  chan- 
neled far  beneath  the  level  of  the  sea,  to  ice-erosion,  is  drawn 
from  the  frequently  discordant  junctions  of  their  relatively 
small  tributaries.  On  each  side  of  the  deep  fjords,  and  in  like 
manner  on  the  sides  of  deep  inland  valleys  of  glaciated  areas, 
the  small  inflowing  streams  often  occupy  mature  upland  val- 
leys, which  have  gentle  descent  until  near  or  at  their  de- 
bouchure into  the  main  vallev,  where  thev  suddenlv  fall  off 
himdreds  of  feet  to  join  the  trunk  valley  or  bed  of  the  fjord. 
These  high  tributar\^  stream  courses,  having  so  remarkable 
discordance,  have  been  called  hanging  valleys  by  Gilbert  and 
Davis;  and  other  geologists  and  geographers  have  generally 
adopted  this  name  for  these  significant  topographic  fonns.  It 
is  argued  by  Gannett,*  Gilbert,t  Davis,J  PIubbar(l,§  and  oth- 
ers, that  glaciation  of  the  main  valley  or  fjord  cut  it  down  so 
far  beneath  its  former  land  surface,  while  the  small  tributarv 
valleys  were  only  slightly  lowered  by  the  feebler  glaciation 
there,  the  ice  being  thinner  and  having  slower  motion. 

But  against  this  theory  of  glacial  erosion  of  great  valleys 
and  fjords  beneath  the  levels  of  the  small  hanging  valleys, 
strong   reaction   and    remonstrances   have   yet   more   recciitlv 


•Henry  <;annett,  "Lake  rhelan."   Narional   (HM>j;rai»]il<'   Majjazlne.  vol.   ix, 
pp.  417-428.  1808. 

tr;.    K.  <;ilbert,   "Glaciers  and   <;ia(lall«m.*   Ilurrlman   Alaskii   Kxptulltlon. 
Tol.   HI,    1004. 


IOo«>rKe  I).  Hubbard.  "Fiords."  and  "(Mi  iIm'  oil^'in  of  Klonls."  llnlU'tln 
of  the  Amerlrjan  tietjfn'aphlral  Soclet.v  of  New  V«»rk,  vdI.  xxxlil.  pp.  ;i.'{o-:t;i7, 
and  4<i1-408.  lOni.      (Prepared  aa  a  thesis  In  (Jeo^rnphy.  unilcM-   Prof.  W.  M. 


Hav4fi.  at  Harvard  I'nlveralty.) 
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been  voiced  by  Tarr,*  Fairchild,t  and  Russell,J  with  whom  I 
confidently  concur.  In  numerous  places  where  glaciation  had 
been  supposed  to  account  for  the  over-deepening  of  the  trunk 
valleys,  it  is  shown  by  these  writers  that  insuperable  objec- 
tions oppose  such  an  explanation,  that  the  ice-erosion  was  of 
small  amount  in  comparison  with  river  sculpture  and  weath- 
ering, and  that  similar  relations  of  canons  and  hanging  val- 
leys occur  in  regions  which  have  had  no  glaciation. 

Epeirogcnic  uplifting  of  great  areas,  comprising  large  parts 
of  continents,  rejuvenating  the  principal  streams  so  that  they 
cut  down  their  channels  rapidly,  while  the  little  tributaries 
lagged  in  their  downward  channeling,  seems  to  me  the  general 
and  acceptable  explanation  of  the  ver>'  deep  valleys,  canons, 
and  fjords  with  their  lateral  hanging  \'alleys. 

No  more  certain  conclusion  in  the  science  of  g^olog^'  has 
been  attained  than  the  uniqueness  of  the  Ice  age.  For  this 
period  of  quite  unusual  and  unexampled  conditions  in  climate 
and  snow  and  ice  accumulation,  some  equally  extraordinary 
causes  must  be  sought.  It  is  found,  as  I  believe,  in  the  epeir- 
ogcnic elevation  of  the  areas  that  were  glaciated.  The  meas- 
ure of  their  uplift,  or  a  part  of  it  ,  is  supplied  by  the  depths  of 
the  fjords,  which  cannot,  as  I  think,  be  logically  referred  to  ice- 
erosion,  but  must  instead,  be  due  to  river-channeling.  They 
show,  according  to  this  view,  that  the  glaciated  lands  had  been 
raised  thousands  of  feet  higher  than  now,  until  their  elevation 
brought  a  cold  and  snowy  climate.  While  they  were  being  up- 
lifted, and  during  the  early  part  of  their  elevation,  the  large 
rivers  cut  down  rai)idly  and  deeply,  but  the  small  brooks  and 
rills  wore  very  little  and  remained  in  hanging  valleys,  an  ano- 
maly and  puzzle  for  geologists. 

With  ice  envelopment  of  these  areas,  the  valleys  were  mod- 
erately glaciated,  their  sides  being  much  smoothed,  but  prob- 
ably receiving  little  or  no  addition  to  their  depth.    Finallv,  un- 

*HnI|ih  S.  Tnrr.  "Ilanirinf;  Valleys  In  the  Finger  Lake  Regton  of  Cca- 
tral  Now  York.  '  American  <;k<ha»oist,  vol.  zxxUl.  pp.  271-291.  Mat.  1904. 
•■Th«'  tJnppos  and  Waterfalls  of  Central  New  York."  Balletln  of  the  AmerlciB 
<;e<)graphl«al  s.ulety.  vol.  xxxvii.  pp.  103-212,  April.  1906.  Profenor  Tirr, 
ten  years  before,  had  attributed  Lake  Cayuga  and  Others  of  the  Flagtr 
lakes  to  glacial  erosion,  on  the  evidence  of  their  high  Imteral  trlbntanct 
(Bulletin.  (;eulnf;iial  Society  of  America,  vol.  v.  pp.  839-856)  ;  and  hia  latert 
testimony  in  favor  of  stream  erosion  as  probably  the  chief  agency  in  the 
f'hannelini?  of  these  remarkable  lake  basins  is  thus  his  more  matore  conelQ- 
slon. 

tIT.  L.  Fairchild.  "Ice  Krosion  Theory  a  Fallacy,"  Balletln.  Geological 
Society  of  America,  vol.  xvl.   pp.    13-74.  February.  1906. 

tisrael  <\  Kusseii.  "Han^inf;  Valleys.'"  Bulletin,  GeolOflcal  Society  of 
America,   vol.   xvl,  pp.  7.'>-ft0,   February,   1905. 
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der  the  vast  weight  of  the  ice-sheets,  the  lands  were  depressed 
to  their  present  levels,  or  mostly  even  somewhat  lower;  tem- 
perate climatic  conditions  were  thus  restored,  the  ice  being 
melted. away;  and  the  fjords  testify  to  the  depth  of  the  land 
subsidence  and  marine  submergence,  accompanying  the  de- 
parture of  the  ice,  and  continuing  to  the  present  time. 

In  some  instances,  however,  deep  valleys  and  discordance 
of  their  tributaries  are  doubtless  to  be  explained  by  the  dis- 
placement of  faulted  segments  of  the  bed-rock,  as  noted  by 
Crosby.*  \ 

Further  evidences  of  late  Pliocene  and  early  Pleistocene 
epeirogenic  elevation  of  northern  land  areas  and  sea  beds, 
shown  by  entirely  submerged  fjords  or  continuations  of  river 
valleys,  and  by  beds  of  littoral  marine  shells  dredged  at  great 
depths,  have  been  adduced  by  Spencer,  Hull,  Brogger,  Nan- 
sen,  and  others,  including  the  present  writer.  Many  years 
since,  in  1889,  in  an  appendix  contributed  to  Wright's  "Ice 
Age  in  North  America,"  I  reviewed  the  evidences  then  known 
of  very  high  land  uplifts  as  the  principal  cause  of  the  Gla- 
cial period,  tracing -also  the  supposed  relationship  between  the 
crust  and  interior  of  the  earth  which  could  admit  of  so  great 
epeirogenic  movements.  No  better  explanation  of  the  causes 
of  glaciation  seems  to  me  to  have  been  brought  forward ;  and 
it  has  gained  new  and  strong  support  by  the  latest  discussions 
of  the  origin  of  fjords  and  hanging  valleys,  in  place  of  the 
distrust  which  in  the  minds  of  some  students  beset  this  view 
a  few  years  ago.  1  , 

The  early  suggestion  of  Dana  thus  seems  still  sustained  by 
advancing  research,  namely,  that  three  grand  continental 
movements  of  glaciated  regions  characterized  the  Glacial  and 
Recent  periods,  first,  great  uplifts  which  induced  the  ice  ac- 
cumulation; second,  subsidence  of  the  ice-burdened  lands, 
bringing  again  a  mild  climate  and  ending  the  Ice  age;  and, 
third,  moderate  reelevation,  lifting  coastal  parts  of  the  sea-bed 
to  be  again  a  land-surface.  The  epoch  of  great  uplifts,  doubt- 
less most  prolonged  far  northward  and  far  southward,  was  the 
time  of  deep  fjord  erosion,  and  ensuing  lateral  planation  of  the 
fjord  cliffs  by  rasping  ice,  the  little  tributaries  being  left  high 
above  the  wonderfully  deepened  main  valleys. 

•"The  HaoRlng  Valleys  of  Georgetown,  Colorado."  Technology  Qnarterlr, 
TOl.  zTl,j>p.  41-60.  March,  1908;  alio  In  the  Amebican  Geolooist,  yoI.  xxxil, 
pp.  42-48;  July.  1003. 
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abundant  illustrations  and  maps,  what  is  known  of  the  underground  wa- 
ter conditions  of  a  large  tract  of  country,  from  the  south  line  of  Kansas 
to  the  ctrnlral  part  of  South  Dakota,  ^rd  from  Iowa  to  the  niouniainous 
regions  of  Wyoming  and  Colorado.  In  making  such  a  summary  it  be- 
com-:f5  necessary  to  embrace  a  vist  n*ass  of  details  already  known,  and 
to  condense  them  to  a  birdseye  view,  so  directed  as  to  bring  out  the  sal- 
ient features  of  topography  and  geology  but  at  the  same  time  to  show 
most  clearly  .the  water  resources.  This  object  is  very  fully  and  admir- 
ably accomplished.  The  geology  of  the  whole  area  is  sketched  in  189 
pages,  this  part  embracing  the  greater  number  of  the  photographic  plates. 
The  general  water  conditions  of  the  whole  area  are  sketched  and!  the 
deep  wells  and  well  prospects  of  llic  different  states  are  then  given  in 
some  detail.  The  maps,  and  especially  the  generalized  straiigraphic  sec- 
tions, are  well  conceived  and  well  executed.  The  report  will  be  in  great 
demand  throughout  the  whole  countiy  n.  h.  w. 
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EVANS,  H.  H. 

Chrysoberyl  from  Canada.     (Am.  Jour.  ScL,  April,  1905,  p.  316.) 

FAIRCHILD,  H.  L. 

Ice  Erosion  Theory  a  Fallacy.     (Bull.  Geol.  Soc,  Vol.  16,  pp.  18- 
74,  Pis.  12-28.  190S.)  -  .  v 

FENNEMAN,  H.  M. 

Oil  Fields  of  the  Texas-Louisiana  Coastal   Plain.     (Min.   Mag., 
Vol.  11,  p.  313,  April,  1905.) 

FULLER,  M.  L. 

Underground  Waters  of  the  Eastern  United   States.   (Wat.  Sup. 
Ir.  Pap.,  114,  pp.  285,  18  Pis,,  1905.) 

FULLER.  M.  L. 

Topography,  Greology,  and  Underground  Waters  of  Florida.     (U.  S. 
G.  S.,  Wat.  Sup.  and  Ir.  Pap..  114,  pp.  159-164,  1905.) 

FULLER,  M.  L. 

North  Carolina  Water  Supply.     (U.  S.  G.  S.,  Wat.  Sup.  and  Ir. 
Piap..  114,  pp.  136-139,  1905.) 

FULLER,  M.  L. 

Geologic  Divisions  and  Mineral  Springs  of  West  Virginia.     (U.  S. 
O.  S.,  Wat.  Sup.  Ir.  Pap..  114,  pp.  271-273,  1905.) 

GLENN,  L.C. 

Topography,  Geology,  and  Water  Supply  of  Tennessee  and  Ken- 
tucky.    (U.  S.  G.  S.,  Wat.  Sup.  Ir.  Pap.,  114,  pp.  198-206,  1905.) 

GLENN,  L.  C. 

Subdivisions,  Geology  and  Water  Supply  of  South  Carolina.     (U. 
8.  G.  S.,  Wat  Sup.  Ir.  Pap.,  114,  pp.  140-153,  1905.) 
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GREGORY,  H.  E. 

Connecticut  Geology  and  Water  Supply.     (U.  S.  G.  S.,  Wat,  Sup. 
Ir.  Pap.,  114,  pp.  76-81.  1905.) 

HALLp  C.  W. 

Topogrraphy  and  Water  Resources  of  Minnesota.     (IT.   S.  G.  S.. 
Wat.  Sup.  Ir.  Pap.,  pp.  226-232,  1905.) 

HEADDEN,  W.  P. 

Doughty  Sprlngrs,  a  Group  of  Radium -bearing  Springs  In  Delta 
County,  Colorado.    (Am.  Jour.  Sol.,  April,  1906,  p.  297.) 

HITCHCOCK,  C.  H. 

Kilauea  Again  Active.     (Science,  vol.  21,  p.  551.  April  7.  1905.) 

HILGARD,  E.  W. 

The  Praliic  Mounds  of  Louisiana.  (Science,  vol.  21.  p.  551.  Apr. 
7,  1905.) 

HOFFMAN,  G.  C. 

Sonesitc.  a  Native  Iron-nlckle  Alloy.  Occurring  in  the  Aurlferoni 
Gravels  of  the  Fraser,  Province  of  British  Columbia.  (Am.  Jour.  Sd., 
April,  1905.  p.  319.) 

HOYT,  J.  C.  (and  ROBERT  H.  ANDERSON) 

Hydrography  of  the  Susquehanna  River  Drainage  Basin.  (U.  8. 
G.  S.,  Water  Supply  and  Irrigation  Paper.  No.  109,  p.  215,  PL  29.) 

JAQUET,  J.  B. 

Explosive  Rock.     (Eng.  Mln.  Jour..  Vol.  79,  p.  605,  Mar.  30,  1905.) 

JOHNSON,  L.  C. 

Oc'ologj'  and  Mineral  Waters  of  Mississippi.     (U.  S.  G.  S..  Wat. 

Sup.  Ir.  Pnp..  No.  114,  pp.  171-179.  1905.) 

KNAPF^,  G.  N. 

X.'w  Jersey,  (icology  and  Water  Supply.     (U.  S.  G.  S.,  Wat  Sap. 

Ir.   Pai)..  114.  iM).  03-103.  1905.) 

KRAUS,  E.  A. 

Occnrn-iirr    and   Dl.strlbutlon   of   Celestlte-bearlng   Rocks.     (Am. 

Jf.ur.  Sri..  ]).  L'vti,  April.  190?.) 

KEITH.  ARTHUR 

Disrrlplinn    of   the    Orer-nevUlo    Quadrangle.      (IT.    S.    GeoL    Sur., 

Folio  No.  lis.  iri(»r,.) 

LANDES.  HENRY 

T'nliniinary  Tl«'pi^rt   on  the  I'nd»^rgTOund  Waters  of  Washinffton. 
iV.  S.  (\.  S..  \V;it«  r  Supply  and  Irri^ralinn  Papers,  No.  Ill,  pp.  S5.> 

LAMBE.  LAWRENCE   M. 

<)i.    till-   'I'ootli   Siruciun    of    M^-sohippus  Westonl    (Cope).     (An. 

Oiol..  Vol.  :^-..  pp.  24;i-24r..  Aprtl.  1905.) 

LAMBE.   LAWRENCE   M. 

A  N'.'"\v  R^'(?*^nt-Marino  Sponge.     (Ottawa  Naturalist.  ]>.  14,  April 

190.-,.) 
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LANE,  A'.  C. 

Topography,  Geology  and  Underground  Waters  of  Michigan.  [Ab- 
stract.]    (U.  S.  G.  S.,  Wat  Sup.  Ir.  Pap.,  114,  pp.  241-247,  1905.) 

LEVEPETT.  FRANK 

Geology  and  Water-bearing  Formations  of  Illinois.  (U.  S.  G.  S., 
WaA.  Sup.  and  Ir.  Pap.,  114,  pp.  248-256,  1905.) 

LEVERETT,  FRANK 

Geolocry  and  Water-bearing  Formations  of  Indiana.  (U.  S.  G. 
S.,  Wat.  Sup.  and  Ir.  Pap.,  114,  pp.  158-164,  1905.) 

LEVERETT,  FRANK 

Geology  and  Characteristic  Underground  Waters  of  Ohio.  (U.  S. 
G.  S.,  Wat.  Sup.  Jr.  Pap.,  114,  pp.  265-270,  1905.) 

McCALLIE,  8.  W. 

Georgia  Underground  Water  Conditions.  (U.  S.  G.  S.,  Wat.  Sup. 
and  Ir.  Pap.,  114.  pp.  153-1 5S,  1905.) 

MERRILL,  G.  P. 

On  the  Origin  of  Veins  in  Asbestiform  Serpentine.  (Hull..  G.  S. 
A..  Vol.  16.  pp.  131-136,  Pis.  33-34,  March,  1905.) 

NORTON,  W.  H. 

Shallow  and  Artesian  Waters  of  Iowa.  (U.  S.  G.  S.,  Wat.  Sup.  Ir. 
Pap.,  114,  pp.  220-225,  1^05.) 

ODELL,  W.  8. 

Notes  on  Pre.sh  Water  Rhizopods.  (Ottawa  Naturalist,  p.  16,  Apr., 
1905.) 

OSMONT,  VANCE  C 

A  Geological  Section  of  the  Coast  Ranges  North  of  the  Ray  of 
San  Francisco.  (Bull.  Dept.  Geol.,  Univ.-  Cal.,  Vol.  4.  pp.  39-87,  Pis. 
6-7,  Doc.  1,  1904.) 

08M0NT,  VANCE  C. 

Areas  of  the  California  Neocene.  (Bull.  Univ.  Calif.,  Vol.  4,  pp. 
89-100.  PI?.  8-11,  Nov.,  1904.) 

PALMER,  CHARLES  S. 

Elxplosive  Rock.     (Eng.  Min.  Jour.,  Vol.  79,  p.  717,  April  6,  1905.) 

PARK  JAMES 

Ore  Df'poflits  In  Relation  to  Thermo- Aftivily.  (Kng.  Min.  Jnur.. 
Vol.  79,  p.  606,  March  30,  1905.) 

PARK.  JAMES 

Or*>  Deposits  in  Relation  to  Thermal  Activity.  II.  (Kng.  Min. 
Jour.,  Vol.  79,  p.  700,  Apr.  13,  1905.) 

PARKER,  E.  W. 

The  Comparative  Fuel  Value  of  American  Coal.s.  (The  Kngin- 
eerlng  Magazine,  p.   19.  April,  1905.) 

PERKINS,  G.  H. 

V.rm«'ni    Wat*  r   Supply.      (U.    S.   ri.    S..    W<it.    Siii».    Ir.    Pap..    X'». 

114,  pp.  60-67,  1905.) 
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PRUTZMAN,  PAUL  W. 

Chemistry  of  California  Petroleum.     (Am.  Geol.,  Vol.  35.  pp.  240« 
243,  April.  1905.) 

PURDUE,  A.  H. 

Resources,  Geology  and  Water  Supply  of  Northern  Arkansas.  *(X7. 
S.  G.  S.,  Wat.  Sup.  Ir.  Pap.,  114,  pp.  188-197,  1905.) 

REYNOLDS,  O.  J. 

A  Method  of  Samplingr  a  Difficult  Ore.     (Cal.  Jour,  of  Technology, 
p.  39,  Feb.,  1905.) 

RICE,  GEO.  8. 

The  Mount  Ranier  Coalfields,  Washington.     (Eng.  Mln.  Jour.,  Vol. 

79,  p.  6C0,  April  6,  1905.) 

RICKARD,  T.  A. 

Gold  Quartz  Veins  In  Victoria.     (Eng.  Min.  Jour.,  Vol.  79,  p.  578. 

March,  1905.) 

RIXON,  THEODORE  F. 

Forest  Condltiona  In  the  Gila  River  Forest  Reserve,  New  MexSoO- 
(U.  S.  G.  S.,  Professional  Paper,  No.  39,  pp.  87.  Pla.  2,  1906.) 

RUEDEMANN,  R. 

Structure  of  Some  Primitive  Cephalopoda.     (Reprinted  from  the 
Report  of   the   New   York   State   Paleontologist,   1903;    pp.   296-S7I, 

PI.   13.  1904.) 

RUSSELL,  L  C. 

HaiipriTigr  Vall;?ys.     (Bull.  G.  S.  A,  Vol.  16,  pp.  76-90,  Feb.,  1905.) 

SANFORD.  SAMUEL 

Tlu-   C'oril    Minos   of   the   West    Side  Belt   Railroad.      (Eng.   MlB. 
Jour..  Vol.  79.  p.  C50,  Apr.  6,  1905.) 

SHEPARD,  E.  M. 

TojM.irrapliy.   GioloRic  conditions  and  Water  Supply  of  MissourL 
<r.  S    <I    .*^  .  Wat.  Slip.  Ir.  Pap..  114,  pp.  209-219,  1905.) 

SHULTZ,  A.  R. 

T'-»iM.trrni^}iy.  Ccoio^y  and  'Water  Supply  of  Wisconsin.     (U.  S.  G. 
S..  W.il    Sn]).  iivA  Ir.  Tap..  111.  pp.  23^-241.  1905.) 

SMITH,  EUGENE  A. 

Sk'trh  nf  TI'  nry  M(  <^allry.     [Portrait.]     (Am.  (^eol.,  Vol.  35.  April 

SMITH,  E.  A. 

Wat'^r  .^-Jiipplv  ..f  Alabama.     (V.  S.  G.  S..  Wat.  Sup.  and  Ir.  Pap^ 

44.  pp.  103-171.  lOOn.) 

SMYTH.  C.  H.,  JR. 

Roi>1nrf'int'nt  of  Quartz  by  Pyrit^-  and  Corrosion  of  Quartz  Feb" 
b\os.     Plat«-  2.     (Am.  Jour.  Scl..  April,  1905.  p.  277.) 
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8PENCER,  J.  W. 

Dr  N.insen's  lUi  thy  metrical  Features  of  tho  North  Polar  Sea  with 
a  Discussion  of  the  Continental  Shelves  and  the  Previous  Oscilla- 
tions of  the  Shore-line.    (Am.  Oeol.,  VoL  85,  pp.  221-286,  April,  1905.) 

TARR,  R.  8. 

Some  Instances  of  Moderate  Glacial  Erosion.  (Jour.  Geol.,  Feb.- 
Mar.,  1905.,  p.  160.) 

UPHAM,  WARREN 

Grosoilliers  and  Radlsson,  and  their  Discovery  of  the  Upper  Mls- 
Blssippl  River.  (Minn.  Hist.  Soc.  Colls.,  Vol.  10,  pp.  449-594,  Map, 
Feb.,  1905.) 

UPHAM,  WARREN 

The  Nobular  and  Planeteslmal  Theories  of  the  Earth's  Origin. 
(Am.  Geol.,  Vol.  35,  pp.  312-321,  April,  1905.) 

VAN  HI8E,  C.  R. 

Report  of  the  Special  Ccmmlttee  on  the  Lake  Superior  Region, 
with  Introductory  Note.     (Jour.  Geol.,  Feb.-Mar.,  1905,  p.  89.) 

VEATCH,  A.  C. 

General  Geology  and  Water  Horizons  of  Louisiana  and  Southern 
Arkansas.     (U.  S.  G.  S.,  Wat  Sup.  Ir.  Pap.,  114,  pp.  179-187,  1905.) 

WEAVER,  CHARLES  E. 

Contribution  to  the  Paleontology  of  the  Martinez  Group.  (BulL 
Dept.  Geol..  Univ.  Cal.,  VoL  4,  pp.  101-123,  Pis.  12-13,  Feb.,  1905.) 

WEEKS,  F.  B. 

New  York  Physiography,  Geologry,  and  Underground  Water.  (U. 
S.  G.  S.,  Wat.  Sup.  Ir.  Pap.,  114.  pp.  82-93.  1905.) 

WEIDMAN,  S. 

Iron  Ores  of  Wisconsin.  (Eng.  Mln.  Jour.,  Vol  79,  p.  610,  Mar.  30. 
1905.) 

WHITE,  DAVID 

Fossil  Plants  of  the  Group  Cycadofilices.  (Smithsonian  Miscel- 
laneous Collections,  Vol.  47,  p.  378,  1905.) 

WILDER,  F.  A. 

Tho  Lignite  of  North  Dakota.  (U.  S.  G.  S.,  Water  Supply  and 
Irrigation  Paper,  No.  117,  pp.  55,  PI.  8,  1905.) 

WILLIAMS,  H.  S. 

Bearing  of  Some  New  Paleontologic  Facts  on  Nonionclaturo  and 
(Hasslflcation  of  Sedimentary  Formations.  (Bull.  G.  S.  A.,  Vol.  16. 
pp.   137-150,  March.  1905.) 

WILLEY,  DAY  ALLEN 

# 

Tho  Vesuvius  of  America.  (Sci.  American,  Vol.  92,  p.  321.  April  22. 
1905.) 
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WINCHELU  ALEXANDER  N. 

Minnesota's  Eastern.  Southern,  and  Western  Boundaries.     (Minn. 
Hist.  Soc.   Coll.,  Vol.  X,  1906.) 

WOODBRIDGE,  DWIGHT  E. 

The  Meaabi  Iron  Ore  Range,  VIII,  IX,  X.     (Eng.  Min.  Jour.,  Vo':. 
79,  March  and  April,  1905.) 

WRIGHT,  G.  FREDERICK 

Pi-nf'^ssor   ShImtOc's   Criticism   of   the   Aqueous    Origin    of  Loess. 
V  111.  35.  pp.  236-240,  April,  1905.) 


CORRESPONDENCE. 


CoRRKCTioN.  On  page  2()  of  my  paper  "On  the  Apical  End  of  the 
Sipliunch.'  in  some  Canadi.iii  Endoceratida*,"  etc.,  in  the  American  Ge- 
(►r.CMiisT  fnr  January  last,  it  is  inadvertently  stated  that  the  genus  (Ra- 
f'liistoind)  i<  "not  known  to  occur  in  rocks  as  old  as  the  Calciferous; 
and  "iliat  the  lime>tone  at  Kingston  Mills  is  not  older  than  the  Chazy 
I'ltnnatii.iii." 

Die  first  of  these  statements  shcidd  read. — the  genus  is  not  known 
i'»  iiccnr  in  rocks  older  than  the  Calciferous;  and  the  second — that  the 
linic-tone  at  Kingston  Mills  is  probably  not  older  than  the  Calciferous 
f-nnatiun.  J.  F.  White.WTS. 


PERSONAL  AND  SCIENTIFIC  NEWS. 


Mix.  ("i!  M.  n.  L.\ri>KR!'.ArK.  of  San  Francisco,  expects  to 
.\"!k  the  r. -niiiiiLr  -iiiniiKr  on  the  t^oolognk'  of  the  Mount  Diablo 
•'■-i'-r,  r;i>t  of  San  I'raiioisci;  hay. 

\\i!.i.;\M  '1.  Maiiii.u.  i>re>ii<kMit  (^f  the  Cleveland- GifFs 
i !■■  ]\  <  "n!j>aii\.  'Klivtml  the  (^las<  Day  Address  May  5th  at 
On-  Mi.-hiuaii  ('••llr-i   nf  Mine-^,  Ihnitrhtnn. 

])\i.  I\  M.i'ii  AkNDj.i..  <{  tlu-  r.  S.  Geological  Siin'ey,  will 
-j'liiii  ilic  >niiniuT  in  inve>tii;ati"ns  iiiidor  the  direction  of  Dr. 
Will.  II.  1  )all  :n  the  'l\rtiary  «■!*  the  Santa  Monica  mountains 
ail'!  ihi-  -r.inlurn  M«»iim  l)iahi-:  fanv;e,  California. 

MiNNKSf»TA  At'ADKMv  1  "i--  Si.  ir.NCKS.    At  the  274th  meeting 
n  ^^ay  oth  Mf.  Warren  r]>h;mi  presented  a  paper  entitiri 


I ) 
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"Explorations  of  Vercndryc  and  his  sons  in  connection  with  the 
history  and  gcc^aphy  of  northern  Minnesota/' 

Prof.  Alexandkr  N.  Winchell  of  Hutte,  Mont.,  has  been 
appointed  to  take  charge  of  the  state  of  Montana's  exhibit  at 
the  Lewis  &  Clarke  Exposition.  He  left  lUitte  May  5th  to  go 
to  ]\)rtlantl  and  direct  the  installation  of  the  exhibit. 

Thk  Geological  Department  of  Colby  college,  Water- 
ville,  Maine,  has  been  aliolished  by  the  trustees  of  the  college, 
the  reason  assigned  for  the  action  being  a  financial  one.  Prof. 
W.  S.  Bayley,  who  has  been  in  charge  of  the  dei)artment  dur- 
ing the  last  sixteen  years,  will  therefore  sever  his  connection 
with  the  institution  at  the  close  of  the  present  college  year. 

(Science.) 

The  Spring  Meeting  of  the  National  Academy  of  Sci- 
ences was  held  in  the  I^'Cture  Hall  of  the  National  Museum 
Ai)ril  J 8th,  19th,  and  20th.  llie  pn^ramnie  was  unusually 
brief,  comprising  only  the  following  numbers : 

I.  The  Mechanical  Equivalent  of  Light,  by  Edward  L. 
Nichols. 

II.  The  Effects  of  Alcohol  upon  the  Circulation,  by  H.  C. 
Wood  and  Dan'l.  M.  Ho\i. 

III.  The  Expedition  of  the  U.  S.  iMsh  Commission 
Steamer  "Albatross,"  in  the  Eastern  Pacific,  by  Alexander 
Agassiz. 

I\'.     Resequent  Valleys,  by  Wm.  M.  I^avis. 

\'.  The  Geographical  Cycle  in  an  Arid  Climate,  by  Wm. 
M.  Davis. 

\"I.  A  Catalogue  of  Spectroscopic  Binary  Stars,  by  W.  W. 
Cam])bell. 

\'ll.  Discovery  of  the  Sixth  and  Seventh  Satellites  of  Jup- 
iter ami  their  FVeliminarv  Orbit's,  by  C.  D.  l*errine. 

\'1II.  The  Axis  of  Symmetry  of  the  Ovarian  Egg  of  the 
( )yster.  by  W.  K.  l>rooks. 

New  members  were  elected  as  follows:  J-  C.  llranner,  Le- 
land  Stanford  I'niversity,  California:  W.  11.  Holmes,  Director 
r.ureau  (jf  American  Ethnology,  Washington.  D.  C. :  W.  H. 
Howell,  Dean  of  Medical  P'aculty,  Johns  Hopkins  University, 
Baltimore,  Md.:  Arthur  A.  Noyes,  TVofessor  of  Organic 
chemistry,  Massachusetts  Institute  of  Teclinolr)gy.  I>oston, 
Mass. :  ^[ichael  I.  Pupin.  Professor  of  Physics.  C^ihimbia  Uni- 
versity, New  York  City. 

Intercollegiate  Si'mmer  Field  C^xrse  in  the  Geology 
of  the  A]>palachian  Region.  July- August,  1905.  A  geoioi^ical 
firld  course  of  fiw  weeks'  duration,  |nlv  '^rd  to  Aniij^ust  mli, 
i(/)5.  wHll  be  given  under  the  <lirectirm  of  several  instructors, 
as  detailed  below,  in  selected  localities  of  the  A])palacliian  r*- 
gion,  >!vnving  the  undisturbed  Mesozoic  and  Cenozoic  strata 
and  the  littoral  features  of  the  Coastal  Plain  in  Marvland.  the 
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folded  Paleozoic  strata  and  the  adjusted  drainage  systen' 
central  Pennsylvania,  the  horizontal  l^aleozoic  strata  and 
Cjlacial  phenomena  of  central  New  York,  the  ancient  cry^ 
lines  of  the  southern  Adirondaks  and  the  unconfonnably  ^y 
W\n^  strata,  the  metaniorphic  rocks  and  the  Triassic  ba>in: 
western  Connecticut. 

This  cour^e  is  intended  for  teachers  an<l  students  (i 
only)  who  have  already  acquired  some  knowledj:;;^  ^d  <j 
eral  genloj^^y,  includinpf  tield-work.  The  fee  fi.>r  i!ie  cnurs 
i?j(),  payable  in  advance  t<>  ])roffSsor  \V.  J].  Clark,  Johns  H 
kins  University,  r»altim(»re,  ^Id.  Travellinj^  and  hutcl 
penses  will  ])r()bal)ly  be  about  $iocx  The  wt>rk  of  each  w 
niav  he  taken  separatelv ;  the  fee  in  this  case  will  be  $s  ^'i  ^v< 
pavable  in  advance  to  the  instructor  of  the  week.  It  niav 
necessary  to  limit  tlie  number  of  students  for  the  tir>t  wc 
j)reference  will  be  ijiven  to  those  who  take  the  entire  con 
It  is  desired  that  nu-mbers  should  enroll  their  names  not  h 
than  June  J5lh  with  professor  Clark  for  the  entire  course, 
with  the  insirucior  of  the  week  they  i)ropose  to  attend.  K 
member's  nmlit  should  include  note-lxx)k.  colored  crayt 
comi)as>.  clin(. meter,  hanuner,  satchel,  labels  and  small  ])a 
bai;s  fnr  sjHvimens.  I.'.  S.  to].)<)j:;-raphic  maps  of  the  distr 
vi'-itt:d  will  l)e  suj)]>lied  at  cost  (about  $1  )  tc>  those  who  or 
lliem  thniUj^li  j^rnfcssor  Clark  not  later  than  June  1st. 

It  is  ]>rnb.iblc  tliat  a  field  meelinja:  of  Section  li  ( (Jcol 
and  ( le«>Mra]>!iy )  of  the  American  AsscKMation  for  the  . 
vanccnieni  i-f  Science  will  be  arranj^ed  at  Syracuse  for  J 
2\>\  and  JJtid  (the  last  twr)  or  three  days  of  the  Syrac 
\\<rk).  wlhii  i'.iviti'd  speakers  will  \s\\c  some  account  <  f 
^prcinl  fcitun-s  ^A  tlu-  district  and  t^f  their  relatit>ns  to  sim 
fi  .itiHi-  in  <'ili(r  ]).'irts  of  the  C(JiuUry.  The  field  mei-iinir?^ 
♦'w  Si»'li"n  will  ])robabl\  f«>llo\v  the  proj:jram  indicated  be 
!■  .1  ilu-  l;i»-i  t\\<'  'la\*>  *>{  ibr  Syracuse  week. 

lilt   rii\i;i.jr  i^>nrd  ^ivi-s  a  detailed  itinerary  of  each  \\t 
i  !■■    •;!« '.  r'UM.M-.-   n -i-  tlu'  >^r])rn*ale  weeks  are:  profcss«»rs  \V. 
t  '.ik.  \\  .  M.  ]).i\i^.    r.  C.  Hopkins.  H.  P.  Cushing.  and 
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THE   FOSSIL  TURTLES  OF  THE    BRIDQER   BASIN. 

By  O.  P.  Hat,  New  York. 

The  greater  portion  of  the  deposit^  known  as  the 
Bridger  beds  lie  in  the  Bridger  basin,  a  tract  extending 
northward  from  the  Uinta  mountains  to  about  latitude  42°, 
and  east  of  the  Wasatch  range  from  about  longitude  110°, 
30  min.,  to  about  109°,  30  min.  The  north  and  south  ex- 
tent of  the  basin  is  therefore  about  fifty  miles,  the  east  and 
west  extent  about  sixty  miles.  The  thickness  of  the  de- 
posits is  given  as  from  2000  to  2500  feet.  The  strata  are 
composed  of  clays,  more  or  less  arenaceous,  interrupted 
beds  of  sandstone,  and  occasional  thin  layers  of  limestone. 
The  argillaceous  beds  are  usually  yellowish,  grayish,  or 
greenish.  The  sandstone  masses  are  commonly  rusty 
brown.  The  stratification  has  a  dip  of  from  two  to  four 
degrees  to  the  north. 

Hitherto  geologists  have  regarded  these  beds  as  lake 
deposits.  Cope,  Powell,  Emmons,  and  King  considered' 
them  to  be  such.  There  are  large  portions  of  this  basin 
which  the  writer  has  not  seen ;  but  in  1903  he  spent  nearly 
tw^o  months  in  such  typical  portions  of  it  as  the  Grizzly 
buttes  and  the  region  about  the  mouth  of  the  Cottonwood 
creek.  From  observations  made  there  the  conclusion  was 
reached  that  the  deposits  had  been  made  almost  wholly 
through  river  action.  It  is  difficult  to  comprehend  how 
such  coarse  materials  as  are  often  found  in  even  the  finer 
clay  deposits  could  have  been  borne  far  out  into  the  bed 
of  a  lake.  Had  the  deposits  been  made  in  a  lake  there 
ought  to  be  found,  at  each  level,  extensive  tracts  of  very  fine 
materials,  representing  the  quiet  central    portions    of    the 
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body  of  water ;  but  the  presence  of  such  beds  has  not  been 
indicated. 

To  the  writer  it  appears  that  this  basin  formed  in 
Bridger  times  a  nearly  level  country,  through  which  per- 
haps many  streams,  which  had  their  origin  in  the  surround- 
ing high  lands,  now  the  Uinta  and  Wasatch  mountains, 
were  flowing  to  some  outlet.  The  basin  had  only  a  moder- 
ate slope,  and  was  probably  covered  with  vegetation,  most 
probably  a  forest.  The  great  mass  of  the  materials  was 
probably  deposited  during  overflowing  of  the  streams ;  and 
thus  was  produced  the  stratification  everywhere  observed. 
As  might  be  expected,  the  character  of  the  materials  changes 
within  moderate  distances.  Under  such  conditions  of  de- 
position, the  coarser  materials,  pebbles  and  sand,  would  be 
dropped  in  the  beds  of  the  streams,  the  finer  materials  over 
the  flood-grounds.  Through  the  choking  up  of  the  chan- 
nels by  the  accumulation  of  coarse  debris  and  through  other 
causes,  these  streams  would  often  be  forced  to  abandon 
their  beds  and  cut  new  ones.  The  old  channels  would 
then  become  covered  up;  and  at  a  later  time,  when  erosion 
had  done  its  work,  manv  of  these  old  channels  would  be- 
come  exposed.  One  of  the  things  which  especially  struck 
the  writer  in  his  peregrinations  over  and  among  the  buttes 
of  tliis  re^i^^ion  was  what  appeared  to  be  the  remnants  of 
sonic  of  those  old  river-l)eds.  Sometimes  they  appear  as 
nia^^ses  of  sandstone  many  feet  high,  with  the  finer  and 
niorc  clayey  layers  coming  up  abruptly  against  their  nearly 
peri)cn(licnlar  sides.  \ow  and  then  one  would  be  found 
enieri^inj::  from  the  side  of  a  butte  and  reappearing  farther 
on  in  the  side  of  a  neighboring  butte. 

As  the  writer  returned  from  \\'yoming  he  was  im- 
l)ressed  by  tlie  conditions  along  the  Platte  river,  a  broad 
and  shallow  stream,  nearly  on  a  level  with  its  flood-ground. 
This  it  must  often  overflow;  and  over  this  flood-ground  it 
must  wander  al)t)ut  in  ever  changing  channels.  At  that 
time  the  Kansas  river  had  been  overflowing  its  banks,  and 
here  and  there,  in  the  region  about  Lawrence,  Kansas,  old 
and  ahantloned  river  channels  were  again  filled  with  water 
and  ai)j)cared  as  temj)orary  lakes  far  away  from  the  present 
river.     Should  there  occur  at  some  future  time  in  this  re- 
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gion  extensive  erosion,  so  as  to  produce  hills  and  valleys, 
some  of  these  old  channels  would  appear  again  as  masses 
of  sandstone  enclosed  by  finer  sediments. 

The  occurrence  of  abundant  fossil  remains  of  mammals 
and  of  reptiles  in  nearly  all  portions  of  the  Bridger  beds 
proves  that  there  existed  here  no  great  and  permanent 
lake.  How  many  mammals  or  even  of  turtles  are  probably 
buried  at  a  distance  of  ten  or  twenty  miles  from  the  present 
shores  of  lake  Michigan?  There  can  be  little  doubt  that 
most  of  the  animals  whose  remains  we  find  in  the  Bridger 
beds  lived  near  the  spots  where  they  were  buried.  They 
were  such  animals  as  would  be  found  in  a  low  wooded  re- 
gion. ,  They  were  monkeys  and  bats,  broad-footed  uninta- 
theres,  horses  with  developed  lateral  toes,  primitive  tapirs 
and  rhinoceroses,  lizards,  snakes,  and  crocodiles,  river  and 
marsh  turtles.  In  the  streams  were  gafs  and  amias.  The 
fauna  was  one  of  the  most  abundant  and  varied  known  in 
the  history  of  the  world.  Already  nearly  two  hundred 
species  of  mammals  are  known*.  The  number  of  species  is 
hardly  surpassed  by  the  Upper  Eocene  deposits  of  Europe 
or  the  Santa  Cruz  Miocene  of  South  America.  And  con- 
stantly new  and  surprising  things  are  coming  to  light. 

In  the  present  paper  the  writer  proposes  to  discuss  the 
chelonian  portion  of  the  Bridger  fauna. 

So  far  as  appears,  there  is  no  other  place  in  the  world 
from  which  so  many  species  of  turtles  have  been  obtained 
as  from  these  Bridger  beds.  The  number  of  well-founded 
species  now  appears  to  be  thirty-nine.  With  few  excep- 
tions, they  are  forms  that  have  evidently  inhabited  rivers 
and  marshes.  Manv  of  them  are  closelv  related  to  the  ex- 
isting  turtles  of  the  rivers  and  ponds  and  marshes  of  the 
Mississippi  valley.  A  few  were  probably  terrestrial  species 
which  inhabited  the  surrounding  high  lands  and  were  swept 
down  to  their  burial  places  during  times  of  high  water. 
Individuals  were  evidently  ^  extremely  abundant,  and  por- 
tions  of  their  skeletons  are  to  be  seen  almost  everywhere. 
Complete  shells  are,  of  course,  less  common,  but  may  be 
had  by  searching.  Shells  accompanied  by  limbs  and  skulls 
must  be  regarded  as  rare,  but  they  too  may  be  found. 

Turtles  from  the  Bridger  beds  have  been  described  by 
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Dr.  Leidy,  Prof.  Cope,  and  the  writer.  All  three  have 
visited  the  region  and  made  collections.  Dr.  Leidy  described 
altogether  thirteen  species,  ten  of  which  must  be  regarded 
as  well  founded.  Two  of  these  ten  were  described  in  1869; 
three  in  1870;  four  in  1871.;  and  one  in  1872.  Of  Cope's 
twenty-four  nominal  species  eighteen  appear  to  stand  the 
test  of  critical  study.  Twelve  of  these  eighteen  were  de- 
scribed in  1872;  four  in  1873;  and  two  in  1884.  Up  to  the 
present  time  the  writer  has  described  a  single  species.  He 
has  in  hand  materials  for  the  description  of  about  a  dozen 
more. 

Dr.  Leidy  and  Prof.  Cope  were  largely  interested  in  the 
study  of  other  groups  of  fossil  vertebrates,  and  probably 
took  no  especial  pains  to  secure  good  and  abundant  chel- 
onian  materials.  'A  few  of  the  shells  described  bv  them 
were  quite  complete,  but  many  of  the  species  were  based  on 
very  fragmentary  specimens. 

In  the  year  1903,  the  writer,  under  the  auspices  of  the 
Carnegie  Institution,  spent,  in  company  with  Mr.  Walter 
Granger  and  Mr.  Albert  Thomson  of  the  American  Museum 
of  Natural  History,  nearly  two  months  in  the  region  of  the 
Grizzly  buttcs  and  along  the  lower  portion  of  Cottonwood 
creek.  \\'hilc  the  others  of  the  party  were  mostly  engaged 
in  collecting  fossil  mammals  the  writer  gave  especial  atten- 
tion to  the  securing  of  fossil  turtles.  Great  care  was  taken 
to  secure  Li^ood  materials  and  to  get  the  whole  of  every 
s])<.'ciincn  discovered.  As  a  result  of  this  work,  there  were 
obtained  about  140  specimens.  Some  of  these  are  indeed 
fra^nuMitary ;  hut  many  of  them  furnish  fine  shells,  some  of 
them  kir^e  portions  of  the  skeleton;  and  altogether  about 
ten  skulls  were  secured.  Previously  only  one  damaged 
skull  had  been  l)rought  from  that  region.  Nearly  the  com- 
plete osteoloj:i^y  of  some  species  is  now  known  which  pre- 
viously were  rei)resented  by  their  shells  only.  In  several 
cases,  s])ecies  which  had  been  based  on  fragments  of  the 
shells  are  n(»\v  rej)resented  by  much  more  complete  mate- 
rials. 

Three  snperfaniilies  of  turtles  are  known  to  have  had 
representatives    livinj^   in   this    r>ridger   basin,    the    Amphi- 
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chelydia,  the  Cryptodira,     and     the     Trionychoidea.     No 
Pleurodira  have  yet  been  found. 

The  Amphichelydia  are  known  in  the  Bridget  beds  by 
only  the  genus  Baena.  This  genus  was  founded  by  Dr. 
Leidy,  who  described  two  species,  ^,  undata  and  B.  arenosa. 
Cope  added  B.  hebraica  and  B.  ponderosay  but  the  latter  is 
based  on  unsatisfactory  materials,  and  doubtfully  belongs 
to  the  genus. 

The  new  materials  belonging  to  this  genus  collected  in 
1903  include  several  skulls,  shoulder  and  pelvic  girdles,  limb 
bones,  and  cervical  vertebrae.  These  specimens  confirm 
the  validity  of  Lydekker's  group  Amphichelydia,  which 
was  based  especially  on  the  shell  of  the  English  Pleuro- 
sternon,  but  regarded  as  including  Baena.  Pleurosternon 
is  closely  related  to  the  Jurassic  Compsemys  plicatula. 
Baur  thought  that  the  latter  species  was  the  ancestor  of 
Baena ;  but  from  the  same  quarries  in  the  Jurassic  that  fur- 
nished Compsemys,  the  writer  has  described  Probaena,  a 
genus  still  more  closely  related  to  Baena.  Probaena  is  also 
related  to  Platychelys  of  the  Jurassic  of  Europe.  In  North 
America,  Baena  has  now  been  traced  back  to  the  Judith 
River  and  the  Belly  River  beds,  therefore  to  the  middle  of 
the  Upper  Cretaceous.  A  study  of  the  skeleton  of  Baena 
makes  it  certain  that  the  group  Amphichelydia  furnished 
the  ancestors  of  both  the  Pleurodira  and  the  Cryptodira. 
The  skull  is  almost  wholly  Cryptodiran,  while  the  shell  and 
the  neck  are  Pleurodiran  in  structure. 

Remains  of  the  species  of  this  genus  are  among  the 
most  common  fossils  in  the  Bridger  beds;  and  since  the 
shell  is  usually  thick  and  the  bones  coossified  the  specimens 
are  more  likely  to  be  well  preserved  than  those  of  any  other 
turtles.  They  were,  without  doubt,  active  swimmers,  and 
able  too  to  travel  about  on  land.  Their  heads  were  short 
and  broad,  giving  the  animal  a  rather  forbidding  aspect. 
They  were  almost  certainly  addicted  to  the  capture  of  living 
prey.  Their  habits  and  their  appearance  must  have  been 
much  like  those  of  our  snapping  turtle. 

Coming  to  the  Cryptodira,  we  consider  first  the  genus 
Baptemys.  Only  one  species,  B.  wyomingensis  Leidy,  has 
been  described.     Leidy's  type  did  not  furnish  a  complete 
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plastron.  The  expedition  of  1903  obtained  this  and  a  por- 
tion of  a  skull.  Furthermore,  a  good  specimen  of  the 
species  has  been  described  by  the  writer  from  the  Yale 
University  Museum,  which  furnished  a  good  plastron  and 
most  of  the  skull.  The  genus  is  to  be  assigned  to  the 
Dermatemydidac,  now  represented  in  Central  America  by 
three  genera. 

The  family  Anosteiridac  is  represented  in  the  Bridger 
by  the  single  genus  Anosteira.  It  is  not  well  known,  only 
the  shell  having  so  far  been  discovered.  The  two  species 
j4,  ornaia  Leidy  and  A.  radulina  Copc  were  of  rather  small 
size.  They  possessed  beautifully  sculptured  shells.  It  is 
usually  supposed  that  they  were  closely  related  to  our 
modern  snapping  turtles,  but  a  discovery  of  the  rest  of  the 
skeleton  might  jc:reatly  modify  this  opinion.  A  large  and 
imperfectly  preserved  species  t)elonging  to  the  Upper 
Eocene  of  England  has  been  referred  to  this  genus. 

Of  the  Emydidae,  the  pond  and  river  turtles,  there  are 
known  eight  Bridger  species,  all  of  which  have  been  de- 
scribed ])y  Leidy  and  Cope.  In  the  Mississippi  valley 
north  of  ^rennessee,  we  find  only  about  a  dozen  living 
species  of  lunydidae.  The  Bridger  species  have  hitherto 
been  placed  in  the  genus  Emys,  but  they  certainly  do  not 
hcloni^  to  this.  They  arc  more  closely  related  to  species  of 
the  goiicra  Chrysemys  and  Clemmys.  Notwithstanding 
tlu'  i^rcai  number  of  species  and  individuals  of  this  family 
which  occur  in  the  liridger  beds,  only  a  portion  of  one  skull 
has  yet  been  found,  and  this  is  not  associated  with  the  re- 
mainder (»f  the  skeleton.  This  skull  shows  onlv  a  feeble 
(levcloi>]ncjit  of  the  ridge  on  the  masticatory  surface  of  the 
ui)per  jaw.  It  is  not  improbable  that,  when  skulls  shall 
have  been  found,  these  Bridger  species  of  Emydidae  will 
have  lt>  ])('  i)laced  in  some  new  genus  or  genera.  There  can 
he  no  (loni)t  that  the  habits  of  these  Emydidae  were  essen- 
tially such  as  onr  modern  river  and  pond  turtles  display. 
'i'hey  haunted  the  borders  of  the  streams,  they  captured 
living-  i>rey,  and  they  betook  themselves  to  the  bottoms  of 
the  streams  for  protection  from  their  enemies.  Usually  the 
shells  are  thick,  a  condition  indicating  probably  in  some 
cases  a  hal>itation  in  swift  streams :  in  other  cases  possibly 


Tbe  Fossil  Turtles  of  the  Bridget  Basin — Hay,    333 

a  need  for  a  greater  specific  gravity,  in  order  to  remain 
more  easily  at  the  bottom  of  the  water;  in  otljer  cases  still, 
special  protection  against  their  enemies. 

The  Testudinidae,  or  true  land  tortoises,  are  repre- 
sented in  the  Bridger  beds  by  the  genus  Hadrianus.  Three 
species  have  been  recognized;  but  one  of  these,  Hadrianus 
allabiatus  Cope,  is  based  on  very  doubtful  materials ;  while* 
Cope's  H^  octonarius  is  not  to  be  distinguished  from  Leidy's 
H,  corsoni.  This  species  reached  a  length  of  nearly  three 
feet.  No  skull  of  the  genus  has  yet  been  found,  but  there 
can  be  no  doubt  that  it  was  a  true  land  tortoise,  such  por- 
tions of  the  internal  skeleton  as  have  been  discovered  agree- 
ing well  with  those  of  Testudo.  The  shell  had  not  yet 
reached  that  high  degree  of  differentiation  which  charac- 
terizes that  of  our  modern  members  of  the  genus  Testudo^ 
but  it  was  on  the  way.  This  animal  probably  lived  on  the 
dry  lands  bordering  the  Bridger  basin. 

The  superfamily  Trionychoidea,  or  soft-shelled  tur- 
tles, was  abundantly  represented  during  Bridger  times, 
somewhat  more  than  one-half  of  the  species  found  in  south- 
western Wyoming  belonging  here.  The  writer  is  acquaint- 
ed with  twenty-two  species.  According  to  the  British 
Museum  Catalogue  of  Chelonians  there  arc  at  present  living 
in  the  whole  world  only  twenty-six  species.  Only  six 
species  now  inhabit  the  United  States.  The  Bridger  rivers 
and  brooks  must  have  swarmed  with  these  creatures.  Some 
of  them  attained  a  large  size,  equalling  or  nearly  so  some  of 
the  Asiatic  species,  one  of  which,  Amyda  triunguis  (Forsk,) 
has  the  dorsal  disk  31  inches  long. 

Of  the  Trionychoidea  the  writer  recognizes  two  fami- 
lies, the  Trionychidae  and  the  Plastomenidae.  The  type  of 
the  latter  family  -is  the  genus  Plastomenus  Cope.  That 
which  distinguishes  this  genus  from  all  the  genera  of  the 
Trionychidae  is  the  completeness  of  the  plastron.  In  the 
members  of  the  latter  family  there  are  always  fontanelles 
between  the  lateral  halves  of  the  plastron,  as  well  as  others 
between  the  carapace  and  the  outer  ends  of  the  hyoplastron 
and  hypoplastron.  In  a  few  species  these  may  become 
nearly  closed  in  extreme  old  acre.  The  species  presenting 
the  most  nearly  complete  plastron  is     Cycloderma    aubryi. 
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figured  by  Siebenrock  (Sitzber.  Akad.  Wissensch.  Wicn, 
xci,  1902,  p.  836).  No  specimen  of  Plastomenus  has  yet 
furnished  the  epiplastra;  but  in  the  American  Museum  of 
Natural  History  are  several  specimens  of  P-  thomasii 
which  present  the  hyoplastra,  the  hypoplastra,  and  the 
xiphiplastra ;  while  one  specimen  of  P>  oedemius  has  fur- 
nished the  entoplastron.  These  materials  show  that  nearly 
as  far  forward  as  the  entoplastron,  the  lateral  halves  of  the 
plastron  were  as  closely  joined  as  in  the  Emydidae.  The 
antero-interior  angles  of  the  hyoplastra  are  truncated,  so  as 
to  form  a  median  notch,  but  this  is  nearly  filled  up  by  the 
broad  entoplastron.  The  fontanelles  at  the  outer  ends  of 
the  hyo-hyoplastral  bones  too  are  nearly  closed.  The  cara- 
pacial  disk  likewise  is  at  an  early  age  filled  out  nearly  to 
the  ends  of  the  ribs.  A  well-preserved  skull  of  Plastonunus 
tJiomasii  was  found  in  1903,  but  it  does  not  appear  to  be 
essentially  different  from  that  of  the  Trionychidae.  The 
palate  has  not  yet,  however,  been  exposed  to  view.  The 
skull  is  long  and  pointed,  as  in  Piatypeitis  mutica.  The 
limbs  arc  as  yet  unknown. 

Of  Plastomenus  Cope  had  only  fragmentary  materials 
when  he  described  the  genus;  and,  while  he  recognized  that 
the  plastron  was  more  complete  than  in  the  Trionychida, 
he  was  unable  to  define  well  the  genus.  Moreover,  he  in- 
cluded in  the  genus  some  species  which  belong  elsewhere. 
First  from  a  specimen  collected  for  Prof.  Cope  in  the 
Bridgor  beds  of  the  Rattlesnake  range,  Wyoming,  but  never 
studied  bv  him,  was  the  writer  able  to  understand  the  real 
structure  of  the  plastron  and  carapace.  A  figure  of  the  plas- 
tron of  this  specimen  is  here  presented. 
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The  Trionychidae  form  an  important  part  of  the  exist- 
ing faunas  of  North  America,  Africa,  and  Asia.  The 
division  of  the  family  into  genera  has  proved  to  be  a  diffi- 
cult undertaking.  Most  of  the  living,  as  well  as  of  the 
fossil  species,  have  hitherto  been  referred  to  the  genus 
Trionyx.  The  genera  have  been  discussed  by  the  writer 
in  the  Proceedings  of  the  American  Philosophical  Society, 
vol.  xlii,  1903,  pp.  268-274.  Dr.  Stejneger  (Science,  xvi,  1905, 
p.  228)  has  since  shown  that  Amyda  Okcn  antedates  Aspi- 
donectes  Wagler.  The  new  genus  Aspideretcs  is  proposed 
by  the  present  writer  in  the  article  cited  for  such  Trioi;iy- 
chidcC  as  possess  eight  pairs  of  costal  plates  and  a  preneural, 
a  plate  between  the  nuchal  and  the  first  neural.  To  this 
genus  are  referred  three  Bridger  species.  One  of  these  was 
described  by  Dr.  Leidy  under  the  name  Trionyx  guttatus 
His  material  consisted  of  only  a  portion  of  the  rear  of  the 
carapace.  The  expedition  of  1903  secured  portions  of  three 
individuals.  These  furnish  most  of  the  plastron  and  of  the 
carapace,  the  pelvis,  and  portions  of  the  femora.  Unfortu- 
nately, in  all  the  specimens  the  region  in  front  of  the  first 
neural  is  damaged,  so  that  the  existence  of  the  preneural  is 
yet  doubtful,  but  probable.  Even  in  aged  individuals  there 
was  a  pair  of  fontanelles,  one  on  each  side  of  the  midline, 
behind  the  nuchal.  Two  other  species  of  the  genus  were 
discovered  in  1903.  both  represented  by  fine  carapaces. 

The  genus  Amyda  Oken  embraces  species  which  have 
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eight  pairs  of  costal  plates  and  no  prencural.  Many  of  the 
living  species  belong  to  this  genus.  ^.  uintaensis  (Leidy) 
A,  radulus  (Cope),  A.  scutumaniiquum  (Cope),  and  prob- 
ably A.  conccntriciis  (Cope),  all  belong  here.  All  were 
described  under  the  genus  Trionyx.  A.  radulus  was  orig- 
inally described  by  Cope  from  the  Wasatch  of  New  Mexico, 
but  he  referred  to  the  species  also  a  specimen  from  the 
Bridger  of  Wyoming.  This  is  now  in  the  American  Mu- 
seum of  Natural  History.  The  type  from  New  Mexico  ap- 
pears to  be  lost.  The  American  Museum  possesses  two 
carapaces,  one  nearly  complete,  collected  near  Opal,  Wyo- 
ming, which  certainly  belong  to  the  same  species  as  Cope's 
Wyoming  individual,  identified  as  A.  radulus;  but  whether 
or  not  the  Wasatch  specimens  are  the  same  remains  doubt- 
ful. The  Opal  specimens  come  from  the  base  of  the  Bridger 
beds ;  and  it  is  possible  that  the  species  continued  through 
the  Wasatch  and  Green  River  epochs  to  the  Bridger. 

To  the  genus  Amyda  is  referred  with  some  doubt  a  fine 
skull  which  the  writer  discovered  near  the  mouth  of  Cot- 
tonwood creek,  and  to  which  the  name  A.  triior  has  been 
given  (Science,  xix,  1904,  p.  254).  As  the  shell  was  not 
present,  the  skull  may  belong  to  some  other  genus  and 
possibly  to  sonic  of  the  already  described  species.  It  has 
a  length  of  nearly  six  and  one-half  inches  and  resembles 
closely  the  skull  of  Platypeltis  ferox  of  our  southern  states. 

The  genus  Platypeltis  is  characterized  by  the  reduc- 
tion of  its  costal  plates  to  seven  pairs.  At  the  most,  there 
may  be  vestig-es  of  the  eighth  costals.  The  young  have  a 
smooth  or  finely  granulate  skin.  The  living  species  of 
North  America  belong  to  this  genus.  Four  species  arc 
known  from  the  Hridgcr.  One  of  these  is  P*  heieroglyptus, 
described  as  Trionyx  hetero^^lyptus  by  Cope  from  the 
hinder  half  of  the  carapace.  The  nuchal  was  present  with 
C(>|)e's  specimen,  but  not  known  to  him.  Another  and 
complete  carapace  was  collected  in  1903.  In  Cope*s  type 
the  eighth  costals  were  wholly  undeveloped;  in  the  new 
specimen  these  are  j)resent,  each  lying  in  a  notch  in  the 
]K)stcrior  l)order  of  the  corresponding  .seventh  costal 
Platypeltis  trionychoidcs  (Cope)  was  described  from  frag- 
mentary materials  as  a  Plastomenus.    One  nearly  complete 
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carapace  and  two  plastra,  one  nearly  complete,  show  now 
that  the  species  is  a  Platypeltis.  Platypeltis  serialis  (Cope) 
was  also  originally  described  as  a  Plastomenus,  from  the 
Wasatch  beds  of  New  Mexico.  The  American  Museum 
party  of  1903  collected  a  carapace  and  large  portions  of  two 
plastra;  and  Mr.  Paul  Miller,  of  the  American  Museum, 
collected  in  1904,  a  complete  carapace  of  a  species  which  it 
seems  now  necessary  to  refer  to  Cope's  Wasatch  species. 
It  is  not  at  all  unlikely  that  better  Wasatch  materials  will 
prove  the  Bridger  form  distinct.  In  the  complete  carapace 
referred  to,  the  costals  of  the  eighth  pair  lie  in  notches  in 
the  costals  of  the  seventh  pair  and  not  in  contact  with  each 
other. 

Axestemys  byssinus  was  set  apart  by  Cope  in  a  separate 
genus,  Axestus,  preoccupied ;  but  the  materials  representing 
the  only  species  are  scanty  and  the  characters  doubtful.  The 
plastron  is  devoid  of  pits  and  ridges.  Cope  made  much  of 
a  clothlike  network  of  the  superficial  bony  fibers ;  but  this  is 
found  in  all  trionychids. 

Most  of  the  species  of  Bridger  turtles  which  have  been 
described  have  come  from  the  region  within  a  few  miles  of 
Ft.  Bridger,  the  Grizzly  buttes,  Cottonwood  creek,  and 
Church  buttes.  Of  some  of  the  species  described  by  Cope 
and  Leidy  exact  localities  are  not  given.  Not  enough  col- 
lecting has  been  done  in  other  localities  and  levels  to  enable 
us  to  determine  with  certainty  whether  the  species  changed 
rapidly  or  endured  throughout  the  whole  Bridger  epoch. 
Further  collecting  ought  to  be  done  about  Opal,  in  the  low- 
est division  of  the  Bridger  and  along  Henry's  fork,  where 
the  higher  beds  are  exposed. 

It  is  now  in  order  to  determine  if  possible  the  origin  of 
the  various  parts  of  the  Bridger  turtle  fauna. 

Considering  first  of  all  that  important  elerjient  consti- 
tuted by  the  genus  Baena,  we  cannot  doubt  that  it  de- 
scended from  ancestors  which  inhabited  the  same  region 
during  the  Upper  Jurassic,  and  which  are  represented  by 
Cotnpsemys  pi  tea  tula   and    Pro  baena  sculpt  a,     These    species 

were  closely  related  to  Pleurosternon  and  Platychelys  of 
Europe  and  were  a  part  of  that  fauna  which  had  at  that 
time  extended  itself  over  the  Northern  Hemisphere.     The 
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gcmis  r>aona  has  now  been  traced  back  throuRh  the 
satch,  the  I'lierco.  and  the  Larainine,  to  the  Judith  Rivei 
Belly  Hiver  beds  of  the  middle  of  the  Upper  Cretaceous 
we  may  onfidently  expect  to  find  in  some  freshwate 
posits  of  the  Lower  Cretaceous  other  forms  connectinf 
genus  with  I'robacna.  It  is  interesting  to  note  the  fact 
while  the  Amphichclydia  died  oiit  in  Europe  during 
t,owtr  Cretaceous,  they  persisted  in  North  Anifrica 
the  Liiita.  Furthermore,  that  it  held  its  ground  long 
one  of  the  great  superfamilies  to  which  it  had  given  oi 
the  Pleurodira,  had  been  driven  from  the  continent;  fo 
know  of  no  members  of  the  latter  group  in  our  coi 
.after  the  Cretaceous. 

Takinfi  up  next  the  Trionychoidea,  the  soft-shelU 
must  believe  that  those  of  the  family  Trionychidae 
descended  from  forms  which  lived  in  North  America  di 
the  irjipcT  Cretaceous.  Several  species  occur  abundi 
in  tlie  I-araminc  and  in  the  Judith  River  and  Belly  I 
beds  of  -Montana  and  lirittsh  America.  Of  these  Cretac 
sjiecies,  all  that  arc  sufficiently  well  known  belong  t( 
genus  Aspidenics,  those  with  the  preneural,  and  the  w 
belii-ves  that  this  is  the  most  primitive  known  genus  o 
family.  So  f;ir  as  we  know,  no  important  changes 
lakcii  I'laoe  in  ilio  structure  of  these  animals  since  the 
dlr  nf  the  Upper  Cretaceous.  AspiderrUi  bredieri  is  t 
■  i;i  n  spccinu-n  at  Vale  from  the  Laramie  of  Converse  C 
ly.  A\'youiing,  Nearly  the  whole  of  the  skeleton,  excep 
beail  i-  present.  It  ilitTers  little  from  others  of  the  fa 
living  to-day.  Apparently  this  species  comes  to  us 
thi-  siiil  •■IdiT  Judith  Kiver  beds.  We  cannot,  there 
ilmibt  tliat  the  family  had  had  a  long  previous  history; 
it  is  to  be  expected  that  more  primitive  trionycliids 
yet  \iv  fnUTid  in  some  of  the  freshwater  deposits  ol 
l.iiwer  ("reiaoeiius.  in  company  with  remains  of  the  i 
repnsintjitivis  of  Ilacna.  Ameghino  has  reported  C 
cei'ii.s  iriniiyehids  from  South  America.  The  living  ' 
iiycbid.-e  .qijiear  to  lr)ve  tiowing  waters;  and  the  same  I 
ajipears  tn  have  p^jssessed  the  other  known  forms. 
may  therefore  expect  to  find  their  remains  only  in  i 
■ileposits  of  the  Lower  Cretaceous. 
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Professor  Cope  referred  to  the  genus  Plastomenus 
some  fragmentary  materials  from  the  Cretaceous,  but  there 
is  no  certainty  about  the  correctness  of  the  conclusion. 
Nevertheless,  we  must  suppose  that  there  were  Cretaceous 
Plastomenidae;  and  the  writer  believes  that  it  is  from  this 
family  that  the  Trionychidae  have  been  derived.  The 
plastomenids  are  nearer  to  the  Cryptodira,  and  have  through 
degeneration,  lost  their  peripheral  bones.  Through  still 
further  degeneration,  in  adaptation  to  aquatic  life,  the  cara- 
pace and  especially  the  plastron  of  the  Trionychidae  have 
become  still  further  reduced.  The  Plastomenidae  possess  a 
preneural  bone,  and  from  them  the  genus  Aspideretes  re- 
tained the  bone. 

Of  the  Anosteiridae  we  know  too  little  to  permit  any 
attempts  at  ascertaining  their  history. 

As  regards  the  Dermatemydidae,  represented  by  Bapte- 
mys,  it  seems  to  the  writer  that  we  are  justified  in  connect- 
ing the  family  with  Adocus,  which  is  a  common  genus  in 
the  Upper  Cretaceous  of  New  Jersey.  One  species  of  the 
genus  occurs  in  the  Puerco  beds  of  New  Mexico.  Professor 
Cope's  Chelydra  crass  a  {^Hoplochelys  crassd)  of  the  Puerco 
appears  to  be  a  dermatemyd. 

Of  the  Emydidae  no  species  has  been  described  from  any 
formation  older  than  the  Wasatch ;  but  from  this  Cope  has 
described  on  good  materials  a  number  of  species.  At 
almost  the  same  time,  species  appeared  in  the  London  Clay 
of  England,  and  these  have  been  referred  to  the  existing 
genus  Chrysemys.  No  older  true  emyd  has  been  described 
from  any  country ;  but  in  the  American  Museum  of  Natural 
History  there  is  a  specimen  the  relationships  of  which  ap- 
pear to  be  with  the  Emydidae.  It  comes  from  the  Judith 
River  beds  of  Montana,  and  was  collected  many  years  ago 
for  Cope.  The  plastron  is  broad  and  appears  to  be  con- 
structed as  in  the  Emydidae.  If  further  investigation  and 
discovery  shall  confirm  this  reference  of  the  species  to  the 
Emydidae,  our  country  may  for  awhile  claim  the  origin  of 
the  family. 

As  already  stated,  the  Testudinidae,  or  true  land  tor- 
toises, are  represented  in  the  Bridger  beds  by  the  genus 
Hadrian  us,  which  affords  at  least  one  large  species.       The 
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writer  has  had  the  opportunity  of  describing  a  fine  large 
species  of  the  genus,  Hadrianus  majuscuius.  from  the  still 
older  Wasatch  beds.  So  far  as  he  knows,  nothing  older  of 
the  family  has  been  described.  Dollo  has  reported  a  Tes- 
tudo  from  the  Lower  Eocene  of  Belgium,  but  it  appears  not 
yet  to  have  been  described.  Whether  it  is  a  true  Testudo 
or  a  Hadrianus  remains  to  be  seen.  The  ancestry  of  the 
family  evidently  goes  back  into  th^  Cretaceous,  and  its 
fatherland  wc  know  not. 

It  may  be  instructive  to  consider  what  elements  are 
conspicuously  missing  from  the  Bridger  turtle  fauna.  There 
are  no  marine  forms;  no  Thalassochelys,  no  Argillochelys, 
no  Lytoloma.  We  must  infer  from  this  and  other  facts, 
that  the  basin  was  well  shut  off  from  the  sea.  There  arc 
likewise  no  Plcurodira.  It  is  more  surprising  that  there 
are  no  undoubted  Chelydridae:  for  Anosteira  may  better  be 
retained  in  a  family  of  its  own.  Chelydra  has  the  marks 
of  an  ancient  form,  and  we  might  suppose  that  the  condi- 
tions furnished  in  the  Bridger  basin  were  eminently  favor- 
•  able  for  its  existence ;  but  Chelydra  first  appears  in  the  Up- 
per (jlic^ocenc  of  Europe.  It  is  not  known  that  the  genus 
appears  \\i  America  before  the  Pleistocene,  for  Chelydra 
crassa  Cope,  of  the  Puerco,  must  be  regarded  as  a  derma- 
tcniyd,  to  be  called  Hoplochelys  crassa.  There  are  no  Cin- 
osternida*.  .Vnu^nj;  the  Emydidae,  there  is  no  true  Emys, 
witli  hinged  plastron :  nor  any  Terrapene,  box-tortoise,  with 
a  more  perfectly  hinged  plastron.  The  emyds  present  prob- 
ably bcloni;:  luithor  to  Chrysemys  nor  to  Clemmys.  although 
closely  relaljd  to  both. 

l*n)fc'ss«  r  ( )sborn  (Ann.  N.  Y.  Acad.  Sci.,  xiii,  1900,  pp. 
i(>.  4())  synchronizes  the  Bridger  beds  with  the  Bartonian 
and  the  lower  ])ortion  of  the  Ligurian.  So  far  as  the  writer 
knows,  the  luirton  has  furnished  no  turtles.  On  the  con- 
trary, the  Lii^nri.'in,  as  represented  in  England  and  France, 
lias  yiehled  numerous  turtles.  These  are  mostly  Triony- 
chida'.  which  have  been  described  under  the  name  Trion)rx, 
but  would  ])e  included  by  the  writer  under  Amyda.  There 
are  als<^  Kinydida,  a  supposed  Anosteira,  and  a  supposed 
dermateniyd,  Trachyaspis  hantonensis.  There  are  no  Plas* 
tomenida%  no  Testudinida?,  and  no  Amphichelydia.      The 
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chelonian  fauna  is  therefore  poorer  in  all  respects  than  that 
of  the  Bridger  beds,  but  much  like  the  latter  as  far  as  it 
goes. 

A  few  words  may  be  added  regarding  the  relations  of 
the  Bridger  turtles  to  those  of  North  America  to-day.  From 
materials  in  the  American  Museum  of  Natural  History  it 
is  known  that  the  genus  Baena  continued  on  until  the 
Uinta.  After  this  nothing  is  known  of  it.  It  is  certain 
that  the  genus  Baptemys  became  extinct,  leaving  no  de- 
scendants living  to-day.  No  Bridger  dermatemyds  are  yet 
known  which  gave  rise  to  the  species  living  now  in  Central 
America ;  but  such  probably  existed ;  and  a  member  of  the 
family  has  recently  been  discovered  in  the  White  River  beds 
of  South  Dakota.  Anosteira  probably  died  out  during  or 
soon  after  the  Bridger  epoch.  That  some  of  the  Emydidae 
of  the  Bridger  beds  were  the  direct  ancestors  of  the  numer- 
ous species  of  Chrysemys  now  inhabiting  North  America 
is  very  probable.  Clemmys  is  represented  in  North  Amer- 
ica by  four  species  and  in  Europe  and  Asia  by  an  equal 
number.  It  therefore  becomes  a  question  which  continent 
supplied  the  other.  North  America  at  present  has  the  best 
claim  on  the  genus,  for  the  writer  (Bull.  Dept.  Geol.  Univ. 
Cal.  iii,  p.  237)  has  described  one  species  from  the  Pliocene 
of  Oregon  and  another  from  the  Upper  Miocene. 

Emys,  as  at  present  recognized,  is  represented  by  a 
single  species  in  North  America  and  by  one  quite  similar  in 
Europe  and  Asia.  It  is  not  at  all  improbable  that  the  genus 
has  come  to  us  from  Asia,  and  that  from  it  there  has  been 
developed  here  the  various  species  of  Terrapene,  or  box- 
tortoises. 

The  genus  Hadrianus  is  known  in  North  America 
from  the  Wasatch  into  the  Uinta.  As  remarked  by  Lydek- 
ker,  some  of  the  early  European  species  referred  to  Testudo 
may  belong  to  Hadrianus.  There  seems  to  be  no  reason 
why  the  genus  should  not  be  regarded  as  having  furnished 
the  ancestors  of  the  various  species  of  Testudo  which 
spread  themselves  over  the  world  during  Tertiary  times. 
In  North  America  genuine  species  of  Testudo  appeared  in 
the  lowest  White  River  beds  and  continued  on  into  the 
Pleistocene.  On  the  other  hand,  it  may  be  doubted  whether 
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the  land  tortoises  now  living  in  North  America  have 
descended  from  Hadrianus.  They  have  been  separated 
under  the  name  Xerobates,  on  account  of  the  symphysial 
ridge  of  the  upper  jaw.  During  the  White  River  and  John 
Day  epochs  there  existed  a  few  species  of  the  genus  Stylc- 
mys.  An  imperfect  skull,  referred  to  ^.  nebrascensis^  nwo 
belonging  to  Princeton  University,  displays  the  same  pecu- 
liar structure.  There  are  also  various  resemblances  be- 
tween the  shells  of  the  living  and  the  extinct  forms ;  so  that 
a  real  relationship  is  suggested. 


ON   THE   LANSING   MAN.' 
By  Prof.  S.  W.  Willistom,  Chlcairo,  ni. 

In  the  latter  part  of  March  of  the  present  year  a  brief 
newspaper  note  announced  the  discovery  of  a  human  skull 
and  other  bones  in  a  deep  excavation  made  by  Mr.  Martin 
Concannon,  for  the  purpose  of  storing  vegetables  and  dair>' 
producls,  in  the  vicinity  of  Lansing,  Kansas.  The  excava- 
tion had  been  begun  more  than  a  year  previously,  but  was 
not  completed  until  in  February,  1902,  at  which  time  the 
skeleton  was  discovered  by  the  two  sons,  Messrs.  Michael 
T.  and  rosei)h  H.  Concannon,  near  its  extremity,  or  about 
sixty-nine  feet  from  the  entrance.  Occasional  bones,  prob- 
ably of  other  animals,  had  been  discovered  during  the  pro- 
gross  of  the  work,  and  not  a  great  deal  of  interest  was  ex- 
cited l)v  tjic  exhumation  of  the  human  bones.  Thev  were. 
however,  for  the  most  part,  laid  aside,  though  many  frag- 
ments of  small  bones  had  been  cast  out  with  the  excavated 
matcTial.  It  was  not  until  the  latter  part  of  March  follow- 
ing that  Mr.  Michael  Concannon  showed  a  part  of  the  man- 
dible to  a  newspaper  reporter,  who  published  the  first  brief 
notice  of  tlie  discovery.  This  notice  attracted  the  attention 
(»f  Mr.  M.  C.  Lone:,  of  Kansas  Citv,  who  immediatelv  visited 
the  site  (►f  the  discovery  in  company  with  Mr.  Butts,  a  civil 
engineer,  of  Kansas  City,  who  secured  such  of  the  bones  as 


•  From  the  I*r«M«.tMlinKs  of  iho  International  Congress  of  Axnerlcaii* 
ists.  held  in  tho  American  Musouni  of  Natural  Hi8tory>  New  York,  Octo* 
ber  2(1  to  25,  Vjm'1,  Thirteenth  Session  (pages  85-89).  This  volume  WW 
much    delayed    in    publicatiun,    until  March,  1906. 
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had  been  preserved.  Immediately  thereafter  there  was 
widely  published  a  newspaper  account  of  the  discovery  in 
some  detail,  ascribing  the  bones  to  the  glacial  age. 

I  had  planned  to  visit  the  locality  when  the  first  notice 
was  published,  but,  learning  from  Mr.  Concannon  that  the 
bones  had  been  taken  to  Kansas  City,  I  did  not  make  an 
examination  of  the  place  until  the  nineteenth  of  July,  in 
Mr.  Long's  company  and  by  his  invitation.  The  results  of 
my  observatipns  and  my  conclusions  were  published  in 
Science  foi  August  1st.  On  August  9th  a  further  and  more 
careful  study  of  the  site  and  adjacent  region  was  made  by 
Professor  N.  H.  Winchell,  Mr.  Warren  Upham,  Professor 
E.  Haworth,  Mr.  Long  and  myself,  an  account  of  which 
was  published  by  Mr.  Upham  in  Science  for  August  21st 
and  in  the  American  Geologist  for  September,  together  with 
additional  notes  by  Professor  Winchell.  On  the  19th  of 
September  a  still  further  examination  was  made  by  Pro- 
fessor T.  C.  Chamberlin,  Professor  R.  D.  Salisbury,  Pro- 
fessor W.  H.  Holmes,  Dr.  G.  A.  Dorsey,  Professor  E. 
Haworth  and  Mr.  Long.  The  conclusions  reached  by  these 
observers  do  not  agree  wholly  with  those  of  the  previous 
observers,  though,  I  believe,  there  is  no  contention  as  to  the 
authenticity  of  the  discovery  or  of  the  fluviatile  character 
of  the  deposits  in  which  the  bones  were  found. 

The  bones  of  the  skeleton,  when  examined,  had  at- 
tached to  them  considerable  masses  of  the  characteristic 
matrix,  in  some  places  of  almost  stony  hardness.  Suffice  it 
to  say  that  the  evidence  of  the  genuineness  of  the  bones  is 
apparently  beyond  dispute.  All  the  scientific  men  who  have 
investigated  the  subject  conclude,  I  believe,  that  the  bones 
were  actually  found  by  the  Concannons  where  and  under 
the  circumstances  they  describe.  Fortunately,  hence,  what- 
ever conclusions  are  reached  regarding  the  bones  by  compe- 
tent students,  there  will  be  no  question  as  to  the  authen- 
ticity of  the  discovery. 

The  skeleton  was  found  irregularly  disposed,  accord- 
ing to  the  testimony  of  the  discoverers.  This  statement  is, 
in  part  at  least,  borne  01. t  by  the  evidence  presented  by  the 
bones  themselves.  The  right  acetabulum  has  an  indurated 
matrix  within  it  showing  the  impression  of  the  head  of  the 
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femur.  Some  fragments  of  the  bone  still  attached  to  this 
matrix  show  conclusively  that  the  femur  when  found  was 
almost  directly  reversed  in  position,  lying  parallel  with  the 
trunk.  The  left  femur  had  been  removed  from  its  socket, 
but  fragments  of  it  attached  to  the  horizontal  ramus  of  the 
pubis  show  that  it  must  have  been  lying  more  or  less 
obliquely  as  regards  the  pelvis.  Further  details  regarding 
the  skeleton  I  leave  for  the  abler  pen  of  Dr.  Hrdlicka.  Of 
immediate  interest,  however,  is  the  fact  that  a  single  left 
maxilla,  belonging  to  a  second  skeleton,  was  discovered  by 
the  young  men  ten  and  one-half  feet  distant  from  the  other, 
lying  almost  upon  the  limestone  floor  of  the  tunnel  at  its 
extreme  edge.  This  maxilla  is  that  of  a  child,  as  is  shown 
by  its  smaller  size,  the  presence  of  two  deciduous  molars, 
and  a  non-erupted  canine  tooth.  In  former  notices  of  the 
discovery  by  both  Mr.  Upham  and  myself  this  maxilla  was 
confounded  with  a  half  of  the  mandible  of  the  other  skele- 
ton, owing  to  the  imperfect  description  of  the  bones  by  the 
young  men. 

The  bones,  sixty-nine  or  seventy  feet  from  the  entrance 
of  the  tunnel,  were  at  a  depth  of  nineteen  or  twenty  feet 
from  the  present  surface.  It  is  needless  to  say  that  the 
roof  of  the  tunnel  shows  no  evidence  whatever  of  previous 
disturbance.  The  walls  and  gently  arched  roof  of  the  tun- 
nel have  no  sup])()rl  other  than  that  afforded  by  the  coher- 
ency of  the  material,  and  any  previous  excavation  would 
certainly  have  left  conspicuous  and  ineffaceable  evidences 
of  disturbance.  This  I  mention  because  various  newspaper 
writers,  witli  more  zeal  than  wisdom,  have  explained  the 
occurrence  of  the  bones  as  those  of  convicts  from  the  state 
penitentiary,  buried  at  this  place.  All  such  stories  are  ab- 
surd in  the  extreme. 

The  limestone  tloor  of  the  tunnel  is  covered  by  from 
two  to  four  feet  of  ancient  debris  of  limestone  fragments 
and  shales,  more  or  less  rounded  and  of  moderate  size, 
which  had  evidently  rolled  or  slid  down  from  the  adjacent 
hillside.  Lying  in  the  upper  part,  or  more  probably  upon 
this  debris,  and  envelo])ed  in  the  silicious  loess,  was  found 
the  skeleton,  perhaps  two  feet  above  the  limestone  floor. 
Neither  among  this  coarse     debris,  nor    elsewhere  in  the 
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walls  of  the  excavation,  could  be  found  any  foreign  pebbles 
or  other  material.  Above  the  debris  and  partly  intermin- 
gled with  it,  the  walls  are  composed  of  sili^ious,  calcareous, 
grayish  yellowish  loess,  of  river  origin.  Interspersed 
through  it  are  occasional  pebbles  of  water-worn  limestone, 
and  from  the  roof  were  obtained  quantities  of  rounded 
flinty  and  calcareous  pebbles,  a  quarter  to  a  half  inch  in 
diameter,  and  clearly  water-worn.  Gasteropods  of  four  or 
five  species  were  obtained  from  the  walls  of  the  excavation, 
and  from  the  edge  of  the  roof,  nearly  seven  feet  from  the 
floor,  Mr.  Long  and  I  dug  a  complete  cast  of  a  Unioj 
showing  clearly  the  markings  of  both  valves. 

The  surface  of  the  ground  immediately  above  the  site 
of  the  bones  slopes  upward  toward  the  east,  that  is,  toward 
the  river  valley,  for  less  than  one  hundred  feet  to  the  sum- 
mit of  a  small  terrace,  fifteen  feet  higher  up,  overlooking 
the  river  valley,  and  upon  which  Mr.  Concannon*s  house  is 
situated.  It  is  certain — I  use  the  word  with  scarcely  any 
hesitation — that  originally  at  least  thirty-five  feet  of  river 
loess  had  covered  the  skeleton.  Since  1844  the  highest 
water  of  the  Missouri  river  was  in  1881.  At  that  time  the 
water  reached,  according  to  Mr.  Concannon  who  has  lived 
at  the  place  for  thirty-five  years,  to  within  twelve  or  thir- 
teen feet  of  the  horizon  of  the  bones.  The  high-water  mark 
then  was  twentv-five  feet  above  the  low-water  mark,  mak- 
ing  altogther  seventy-two  or  seventy-three  feet  as  the  eleva- 
tion of  the  loess  terrace  above  the  river,  and  fifty-seven  or 
fifty-eight  feet  as  that  of  the  present  surface  over  the  bones. 
T  am  aware  that  some  of  the  geologists,  who  have  re- 
cently examined  the  tunnel,  while  admitting  that  the  mate- 
rial in  which  the  bones  were  found  is  of  river  deposition, 
believe  that  most  of  the  material  above  them  is  of  wind 
construction.  I  regret  to  say  that  I  must  differ  decidedly 
from  this  opinion.  Water-worn  pebbles  in  quantities  sev- 
eral inches  in  thickness  and  thirty  or  more  feet  in  extent, 
according  to  Mr.  Butts,  and  complete  shells  of  clams,  are 
not  what  we  would  expect  to  find  in  aeolian  deposits ! 

Perhaps  a  foot  above  the  horizon  of  the  bones  there 
is  a  very  distinct  stratum  of  darker,  more  argillaceous  mate- 
rial; from  half  an  inch  to  three  inches  in  thickness,  traceable 
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nearly  the  whole  length  of  the  tunnel  with  an  inclination 
toward  the  mouth  of  the  excavation  of  about  seven  inches 
in  the  seventy  feet.  In  the  upper  part  of  the  tunnel  the 
homogeneous  material  shows  only  slight  stratification 
marks — still  they  are  to  be  seen  and  are  horizontal.  I  have 
collected  many  fossils  from  real  aeolian  deposits  of  the 
plains,  but  never  under  such  conditions  as  are  found  here. 
Upon  the  surface  of  the  hillside  above  the  excavation  are 
at  present  to  be  found  quartzite  boulders  and  pebbles.  The 
limestone  hills  sloping  up  from  the  terrace  above  the  exca- 
vation to  a  height  of  a  hundred  and  fifty  feet  have  abundant 
evidence  of  glacial  pebbles  and  boulders.  Is  it  not  reason- 
able to  suppose  that  in  past  times  the  debris  and  fragments 
sliding  and  falling  down  this  hillside  would  have  left  evi- 
dence of  intercalated  material  in  the  mud  deposits?  There 
are  no  such  evidences  in  the  walls  of  the  tunnel. 

As  to  the  age  of  the  deposits  in  which  the  bones  were 
found  I  can  offer  no  decided  opinion  except  that  they  are  of 
Pleistocene  time,  contemporary  with  the  recently  extinct 
Equus  fauna.  Professors  Winchell  and  Upham  believe 
them  to  be  of  the  lowan  or  earlier  stage  of  the  Glacial 
period.  They  may  be  correct,  but  I  am  not  sufficiently 
familiar  with  glaciological  phenomena  to  vouchsafe  an 
opinion.  I  am  only  confident  that  the  skeleton  dates  from 
Pleistocene  times — and  is  old. 
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AGE  OF  THE  ST.  CROIX  DALLES. 

By  Wabbbk  Upham,  St.  P»al,  Minn. 

The  most  beautiful  gem  of  scenery  in  the  states  of 
Minnesota  and  Wisconsin  is  the  Upper  Dalles  of  the  St. 
Croix  river,  which  forms  a  part  of  the  boundary  between 
these  states.  By  legislative  acts  of  each  state,  the  land  on 
both  sides  of  the  river,  adjoining  this  picturesque  rock 
gorge,  has  been  made  an  Interstate  Park,  for  public  enjoy- 
ment and  instruction,  similar  to  the  International  Park  at 
Niagara  Falls.  From  the  "Twin  Cities"  of  St.  Paul  and 
Minneapolis,  and  from  a  large  surrounding  region  of  both 
Minnesota  and  Wisconsin,  many  picnic  excursions  come  to 
the  St.  Croix  Dalles;  and  many  tourists,  especially  geolo- 
gists and  naturalists,  are  attracted  thither,  to  see  the  beauti- 
ful and  grand  scenery  of  the  gorge,  and  its  wonderful 
waterworn  potholes,  such  as  in  Germany  and  Scandinavia 
are  called  giants'  kettles. 

Therefore  much  attention  has  been  given  to  the 
geology  of  the  vicinity  of  the  Dalles,  by  Prof.  N.  H. 
Winchell  and  the  present  writer,  as  his  assistant,  on  the 
Geological  Survey  of  Minnesota  ;*  by  Dr.  C.  P.  Berkey,  Mr. 
A.  H.  Elftman,  and  the  writer,  in  later  papers,  coming  to 
the  study  of  this  area  from  its  Minnesota  side;t  by  Prof. 
T.  C.  Chamberlin  and  his  assistants  on  the  Geological  Sur- 
vey of  Wisconsin  ;t  and  most  recently  by  his  son,  Mr.  Rollin 
T.  Chamberlin,  who  last  year  spent  a  month  in  examina- 
tion of  the  Dalles  region.5 

The  last  author  has  well  described  and  mapped  the 
deploying  currents  and  recessional  moraines  of  the  Lake 
Superior  lobe  of  the  ice-sheet,  developed  during  the  Wis- 


•  Geology  of  Minnesota,  vol.  i,  1884.  pp.  126-7:  vol.  li,  1888,  pp.  399- 
426,    with    a  map   of  Chisago,    Isanti,  and  Anoka  counties. 

t  Charles  P.  Berkey,  Geology  of  the  St.  Croix  Dalles,  .\m.  Gbolooist. 
vol.  XX.  pp.  346-383,  with  maps  and  sections,  Dec,  1897;  and  vol.  xxi, 
pp.  139-156,  and  270-294,  with  maps  and  plates.  Marcli  and  May,  1898. 

A.  H.  Elftman,  The  St.  Croix  River  Valley,  am.  Ueolooist,  vol 
xxii,   pp.   58-61,  July,  1898. 

Warren  Upham,  Pleistocene  Ice  and  River  Erosion  In  the  St.  Croix 
Valley  of  Minnesota  and  Wisconsin,  Bulletin,  Qeol.  Society  or  America, 
vol.  xil,  pp.  13-24,  Nov.,  1900;  Giants*  Kettle.s  eroded  by  Moulin  Torrents, 
Bulletin  G.  S.  A.,  vol.  xii,  pp.  25-44,  with  a  map  of  the  Upper  Dalles, 
Dec,   1900. 

t  Geology  of  Wisconsin,  vol.  1,  1883,  pp.  261-300,  including  a  map 
of  the  Minnesota.  Superior,  Chippewa,  Green  Bay,  and  Michigan  lobes  of 
the  Ice  sheet,  the  Driftless  Area,  etc.;  vol.  ill,  1880,  pp.  363-428;  and  vol. 
iv,  18S2,  pp.  99-159. 

The  Glacial  Features  of  the  St.  Croix   Dalles   Region,     Journal     of 


J  The 
ogy. 


'  GeolOflry,    vol.    xlll,    pp.    238-256,    with  three  maps,   April-May,   1905. 
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consin  stage  of  waning  glaciation,  and  also  the  courses  of 
movement  and  the  terminal  moraine  of  a  far  eastwardly 
projecting  outflow  from  the  great  Keewatin  ice-lobe  of  the 
northwest.  The  former  brought  red  drift,  colored  by  the 
peroxide  of  iron  from  the  red  sandstones  and  shales  of  the 
Lake  Superior  basin,  and  destitute  of  limestone  fragments; 
while  the  latter,  an  ice  invasion  from  the  Cretaceous,  Silu- 
rian, and  Cambrian  region  of  the  Red  river  valley  and 
Manitoba,  brought  gray  drift,  with  abundant  limestone 
boulders,  pebbles,  and  finely  comminuted  rock  flour.  In 
the  region  of  the  St.  Croix  Dalles,  the  red  Lake  Superior 
drift  forms  the  surface  on  the  Wisconsin  side,  and  reaches 
far  westward  under  the  gray  drift,  which  overspreads  the 
surface  in  Minnesota  and  reaches  sparingly  east  across  the 
St.  Croix  river,  as  carefully  traced  by  Mr.  Chamberlin,  to  a 
distance  of  about  one  to  three  miles  into  Wisconsin  for 
several  miles  north  and  south  of  the  Dalles. 

In  several  details  I  see  reasons  to  question  some  of  Mr. 
Chaniberlin's  conclusions:  (i)  where  he  refers  the  g^ay 
drift  to  a  later  time  than  the  red  drift,  supposing  that  the 
Lake  Superior  ice  had  melted  oflF  from  this  vicinity  before 
the  Keewatin  ice  advanced  here;  (2)  in  his  regarding  the 
I)roglacial  course  of  the  St.  Croix  river  as  perhaps  a  few 
miles  cast  of  the  Dalles,  passing  into  the  Apple  river  valley, 
and  ihcnce  to  the  lower  St.  Croix  valley;  and  (3)  in  his 
rcferoiur  of  ilie  erosion  of  the  Dalles  gorge  to  the  work 
of  the  river  since  the  final  retreat  of  the  ice-sheet.  All 
thesr  (juestioiis  are  related  to  studies  and  conclusions  pre- 
sontrd  five  years  ago  in  my  two  papers  before  cited  in  the 
linlletin  of  the  (icological  Society  of  America,  which  appear 
not  to  have  been  considered  by  Mr.  Chamberlin  in  his 
recent  work.  Therefore  portions  of  those  papers  are  used 
aj^ain  in  the  followinpf  discussion  of  these  several  points,  all 
beariiii^  on  the  age  of  this  river  gorge. 

T.  The  Lake  Sni)erior  and  Keewatin  ice  lobes  seem 
to  me  to  have  been  contemporaneous,  being  confluent  along 
an  uneven  and  wavering  line,  where  their  glacial  currents 
met,  or  where  one  overrode  the  other,  as  at  these  Dalles, 
and  along  a  course  trending  with  much  irregularity  and 
minor  lobation   in   a  general   northwesterly  and  northerly 
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direction  thence  through  central  and  northern  Minnesota. 
This  principal  interlobate  line  or  belt  was  similar  to  those 
lying  in  succession  between  the  Superior,  Qiippewa,  Green 
Bay,  Michigan,  and  more  eastern  lobes  of  the  very  broad 
Laurentide  part  of  the  continental  glacier,  as  mapped  by 
Prof.  T.  C.  Chamberlin.* 

Why  the  Keewatin  glacial  currents  were  finally 
stronger  than  those  from  the  Lake  Superior  region,  pushing 
them  back  or  overriding  a  part  of  that  ice  lobe,  I  have  ex- 
plained by  the  climatic  conditions  attendant  on  the  pro- 
gressive melting  of  the  ice  borders  mainly  from  southwest 
to  northeast  and  from  west  to  east,  enabling  the  gray  drift 
to  spread  over  the  red  drift  on  the  east  side  of  the  Keewatin 
lobe,  in  eastern  Minnesota,  from  St.  Paul  northeast  and 
north  to  Taylor's  Falls  and  Rush  City.t 

2.  It  was  suggested  by  Moses  Strong,  of  the  Wis- 
consin Geological  Survey,  that  the  St.  Croix,  or  more  prob- 
ably a  branch  of  it,  may  formerly  have  flowed  through  the 
ravine,  about  three-fourths  of  a  mile  east  of  the  Upper 
Dalles,  in  which  the  railroad  runs  south  from  the  station 
of  St.  Croix  Falls,  that  channel  being  abandoned  when 
the  present  channel  in  the  Dalles  became  deep  enough, 
through  erosion,  to  carry  all  the  water.t 

Berkey  and  Elftman,  in  their  papers  before  cited,  argue 
that  the  preglacial  upper  part  of  the  St.  Croix  passed  west 
of  the  Dalles,  the  former  regarding  it  as  probably  tributary 
southwestward  to  the  Mississippi,  and  the  latter  tracing  its 
course  in  coincidence  with  the  Sunrise  river  and  Chisago 
lake  to  rejoin  the  present  St.  Croix  valley  farther  south. 

Mr.  Rollin  T.  Chamberlin  thinks  that  the  preglacial 
St.  Croix  river,  flowing  past  the  site  of  the  Dalles  in  the 
channel  mentioned  by  Strong,  may  have  continued  past 
Dresser  Junction,  and  along  Horse  creek  valley  to  the  Ap- 
ple river,  which  lower  down  empties  into  the  present  St. 
Croix. 

•  Geology  of  Wisconsin,  vol.  1,  as  before  cited;  V.  S.  Geol.  Survey, 
Third  Annual  Report,  for  1881-82,  pi.  xxvlii,  and  Seventli  Annual  Re- 
port, for  1885-6,  pi.  vlil. 

t  Changres  in  Currents  of  the  Ice  of  the  I>ast  Glacial  Kpooh  In  E.ast- 
ern  Minnesota,  Proceedingrs  of  the  Am.  Assoc,  for  Aav.  of  Science, 
vol.  xxxii.  for  1883.  pp.  231-234;  Geologr  of  Minnesota,  vol.  il,  1888,  pp.  264- 
256.  409.417,  468,  608-606. 

1  Geologry    of   Wisconsin,    vol.    Ill,  1880,  p.  416. 


350  The  American  Geologist.  ^""•'  ^*» 

My  consideration  of  this  question,  in  the  first  of  the 
two  papers  cited  as  published  in  1900,  is  stated  as  follows: 

The  very  long  Tertiary  era,  preceding  the  Ice  age,  had  permitted 
the  larger  streams  of  Minnesota  and  Wisconsin  to  erode  deep  and 
wide,  well  matured  valleys,  free  from  waterfalls  or  strong  rapids, 
and  having  no  narrow,  rock-walled  gorges,  like  the  Dalles  of  the 
St  Croix.  But  in  the  northern  drift-covered  part  of  the  United 
States,  and  throughout  Canada,  the  rivers,  on  their  again  coming 
into  existence  when  the  ice  of  the  Glacial  period  melted  away, 
found  themselves  in  many  places  turned  aside  from  their  pregladal 
courses  by  the  drift  deposits  and  by  the  movements  of  continental 
uplift  and  subsidence  that  were  associated  with  the  Ice  age.  In 
some  cases  formerly  independent  streams  were  thus  united  to  make 
a  single  larger  river  system;  and  often  a  river  was  turned  out  of  its 
old  drift-filled  valley  for  a  comparatively  short  distance,  as  a  few 
miles,  being  there  compelled  to  cut  a  new  gorge  in  the  bed-rocki. 

One  or  the  other  of  these  results  of  the  Glacial  period  has  been 
well  ascertained  as  the  fortune  of  so  many  rivers  in  the  great  drift- 
covered  region  that  the  occurrence  of  the  two  short,  grandly  pic- 
turesque rock  gorges,  or  canons,  known*  as  the  Upper  and  Lower 
Dalles  of  the  St.  Croix,  so  named  by  the  French  voyageurs  in  allo- 
sion  to  their  inclosing  walls  of  rock,  strongly  suggests  that  there 
the  stream  is  now  flowing  in  a  course  which  it  has  cut  during  and 
since  the  Ice  age.  No  closely  adjacent  belt,  however,  seems  to  be 
probably  identifiable  as  a  drift-filled  preglacial  valley.  Therefore, 
from  my  studies,  for  the  Minnesota  Geological  Survey,  of  the  coun- 
try extending  many  miles  westward  from  the  St.  Croix,  I  condnde 
that  in  preglacial  times  this  river  was  represented  by  two  quite 
independent  rivers,  each  flowing  into  the  Mississippi. 

The  greater  part  of  the  St.  Croix  drainage  basin,  including  all 
above  the  rapids,  six  miles  long,  which  end  at  St.  Croix  Falls  and 
Taylor's  Falls,  I  think  to  have  belonged  before  the  Ice  age  to  a  river 
flowing  south  and  southwest  from  the  principal  elbow  of  the  present 
St.  Croix,  taking  approximately  the  course  of  the  Sunrise  river, 
which,  however,  now  runs  northward,  and  traversing  Anoka  county 
to  a  Junction  with  the  Mississippi  somewhere  between  Anoka  and 
Minneapolis.    Thence,   as   Prof.   N.   H.   Winchell  has    shown,  the 

preglacial  course  of  the  Mississippi  probably  passed  southeastward.* 

«     «     «     « 

A  broad,  low  belt  of  sand  and  gravel  plains  stretches  across 
the  distance  of  nearly  40  miles  from*  the  St.  Croix  to  the  MlssU- 
sippi  at  Anoka,  nowhere  having  a  greater  hight  than  160  feet  above 

•  An  Approximate  Interfflacial  Chionometer,  Am.  Qboloqist,  toL  « 
pp.  G9-Ki>.  with  sections  and  a  map.  Aufnist,  1898.  On  tYsim  map  tiM 
probable  preglacial  and  Interglacial  channels  of  the  MiaslSBlppl  In  tlM 
vicinity  of  Minneapolis  and  St.  Paul  are  delineated,  dlflerlns  much  fnMB 
its  present   course. 
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the  elbow  of  the  St.  Croix  and  the  mouth  of  the  Sunrise  river. 
On  the  east,  between  that  low  tract  and  the  St  Croix  valley,  a  belt 
of  rolling  and  hilly  glacial  drift  or  till,  underlain  in  part  by  the 
bed-rocks  at  a  greater  altitude  than  the  sand  and  gravel  area  west- 
ward, divides  it  from  this  valley.    •    •    •    • 

About  a  sixth  part  of  the  St  Croix  basin,  lying  east  and  south 
of  Taylor's  Falls,  appears  to  have  been  drained  during  the  Tertiary 
era  by  a  stream  coinciding  nearly  with  the  Apple  river  and  the 
lower  thirty  miles  of  the  St.  Croix  river.  The  large  basin  and  river 
first  described  may  be  called  the  preglacial  St.  Croix,  and  the  lower 
small  stream  may  be  distinguished  as  the  enlarged  preglacial  Apple 
river. 

These  Tertiary  drainage  areas,  which  by  the  vicissitudes  of  the 
Ice  age  became  united  into  one  stream,  the  present  St.  Croix,  I 
think  to  have  been  divided,  up  to  the  time  of  the  ice  accumulation 
in  the  Glacial  period,  by  a  watershed  of  the  very  old  trappean  and 
Cambrian  rocks,  extending  from  northeast  to  southwest  across 
the  sites  of  the  town  of  St.  Croix  Falls  and  Taylor's  Falls. 

3.  Berkey  ascribes  the  erosion  of  the  river  gorge  at 
the  Dalles  to  Late  Glacial  and  Postglacial  time,  and  thinks 
that  the  larger  part  of  the  erosion  was  accomplished  at 
the  immediate  close  of  the  Glacial  period,  during  the  time 
the  river  served  as  the  overflow  channel  for  the  West 
Superior  glacial  lakes. 

Nearly  the  same  view  is  presented  also  by  Mr.  Cham- 
berlin,  who,  reasoning  from  the  hights  of  the  sand  and 
gravel  terraces,  modified  drift  deposits,  in  this  valley  at 
Taylor's  Falls  and  northward,  concludes  that  the  cutting 
of  the  deep,  but  short,  gorge  in  the  Keweenawan  has  all 
been  accomplished  by  the  St.  Croix  since  the  retreat  of  the 
last  ice-sheet. 

Again  I  may  most  clearly  and  definitely  give  my 
reasons  for  a  different  view  by  quoting  from  the  same 
paper.  Pleistocene  Ice  and  River  Erosion  in  the  St.  Croix 
Valley  of  Minnesota  and  Wisconsin,  read  before  the  Geolo- 
gical Society  of  America  five  years  ago. 

In  the  Twenty-third  Annual  Report  of  the  Minnesota  Geological 
Survey,  for  the  year  1894,  I  have  stated  (on  pages  188-190)  the  evi- 
dence that  the  recession  of  the  ice-sheet  during  the  Buchanan  inter- 
glacial  stage,  which  succeeded  its  Kansan  stage  of  maximum  area 
west  of  the  Mississippi,  extended  northward  beyond  the  site  of 
Bamesville,  Minnesota,  on  the  southern   part  of  the  great  valley 
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plain  of  the  Red  rlyer  of  the  North.  Probably  at  that  time  the  Ice 
had  been  melted  away  from  nearly  or  quite  all  of  the  soathem 
half  of  Minnesota.  That  the  retreat  of  the  ice-sheet  had  uncorered 
the  southern  third  of  the  St.  Croix  basin  is  shown,  in  Nessel  town- 
ship. Chisago  county,  Minnesota,  near  Rush  City,  by  an  intergladal 
land  surface,  with  wood  and  peaty  matter  upon  a  deposit  of  modi- 
fled  drift  that  was  laid  down  during  the  previous  retreat  of  the  ice.* 
Above  the  wood  and  peat  of  this  place,  and  above  an  extensive  plain 
of  the  Buchanan  modified  drift  reaching  thence  several  miles  east- 
ward, a  somewhat  uniform  mantle  of  till,  10  to  20  feet  deep,  was 
spread  during  the  ensuing  Illinoian  and  lowan  glacial  readvanoe. 

We  thus  know  that  the  district  including  the  Dalles  and  extend- 
ing northward  at  least  to  Rush  City  was  uncovered  from  the  ice- 
sheet  during  the  Buchanan  stage  of  the  Glacial  period.  Later  the 
increasing  snowfall  again  permitted  nearly  all  of  this  basin  to  be 
enveloped  by  the  ice  of  the  Illinoian  and  lowan  stages,  reaching  on 
the  St.  Croix  river  southeasterly  to  the  conspicuous  moraine  belts 
which  i)ass  from  St.  Paul  and  Minneapolis  northeastward  to  the 
northern  half  of  lake  St.  Croix  and  through  the  southeastern  part 
of  Chisago  county,  continuing  thence  onward  in  Wisconsin. 

Terraces  of  sand  and  gravel,  which  are  found  in  the  St.  Croix 
valley  4  to  10  miles  north  of  Taylor's  Falls,  mostly  having  a  hight 
of  about  90  feet  above  the  river,  are  remnants  of  valley  drift  de- 
posited during  the  Wisconsin  stage  of  the  final  departure  of  the  ice- 
sheet.    These  gravel  deposits,  continuous  as  one  expanse  of  modi- 
fied drift  from  the  Jack  pine  barrens  of  northwestern  Wisconsin. 
boar  testimony  that  a  part  of  the  floods  from  the  dissolving  ice  then 
passed  southward  along  the  present  St.  Croix,  and  that  the  erosioo 
of  the  valley  in  the  vicinity  of  the  Dalles  had  been  mainly  accom- 
I)lishe(l   previous  to  the  Wisconsin  stage.    We  are  led,  therefore, 
to  the  conclusion  that  much  channeling  of  the  valley  here,  enlarg- 
Idil;:  it  along  nil  its  course  from  the  Dalles  southward  to  the  Apple 
river,  and  eroding  the  drift  bluff,  an  escarpment  of  till,  which  riset 
steeply  on  the  west  side  of  the  valley  at  Taylor's  Falls  and  north- 
ward to  the  hight  of  200  to  220  feet  above  the  river,  took  place 
mostly  during  the  prolonged  Buchanan  interglacial  stage.     It  was  a 
nearly  similar  history  with  that  of  the  Minnesota  river  during  the 
same  Huchanan  time  in  the  re-excavation  of  its  valley,  which  had 
doubtless  become  chiefly  filled  with  drift  during  the  principal  Kan- 
san  stage  of  glaciation. 

When  I  wrote  the  chai)ter  on  this  district  for  the  Final  Report 
of  the  Minnesota  (ieological  Survey  (volume  ii,  1888,  pages  399-425, 
with  map  of  Chisago.  Isanti,  and  Anoka  counties).  I  believed  that 
the  pre^Iacial  and  postglacial  courses  of  the  St.  Croix  were  alike; 
but  I  now  attribute  the  establishment  of  this  great  river  course  and 
valley  at  the  Dalles,  and  for  many  miles  above  and  below,  to  the 


•  i;«'(ik»t!ry  <'f  Minnosotu.  vol.  ii,  1888,  pp.  414-418. 
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capricious  outlines  of  the  retreating  ice-front  in  Buchanan  time, 
probably  sending  a  considerable  stream  across  the  preglacial  water- 
shed and  along  this  course  at  first  because  the  Ice  itself  was  a 
barrier  on  the  lower  country  westward.  The  erosion  by  this  stream 
had  cut  down  this  section  of  the  yailey  and  the  two  gorges  of  the 
Upper  and  Lower  Dalles  so  far  before  that  lower  land  was  uncov- 
ered from  the  ice  that  the  channel  so  begun  still  continued  as  the 
lowest  then  available  for  the  river,  and  the  erosion  apparently  ex- 
tended as  deep  as  to  the  present  river  level  before  the  renewal  of 
ice  accumulation. 

The  duration  of  the  interglacial  stage  attended  by  great  de- 
crease of  this  part  of  the  continental  ice-sheet  has  been  estimated 
by  Winchell,  from  his  investigation  of  the  drift-filled  gorge  of  the 
Mississippi  west  of  Minneapolis,  to  have  measured  about  15,000 
years.*  Within  that  time,  preceded  and  followed  by  long  stages  of 
glaciation  of  this  district,  the  drainage  from  an  embayment  of  the 
ice  boundary,  at  the  junction  of  glacial  currents  flowing  in  Minne- 
sota from  the  northwest  and  in  Wisconsin  from  the  northeast^ 
passed  in  a  large  river,  the  interglacial  St.  Croix,  across  the  former 
watershed  where  we  now  have  the  gorges  of  the  Dalles. 

Separate  preglacial  streams  flowing  from  this  locality  south- 
ward and  northwestward  during  many  thousand  years  of  the  Ter- 
tiary era,  in  the  now  continuous  river  course,  had  doubtless  per- 
formed the  greater  part  of  the  valley  erosion  on  each  side  of  the 
old  watershed,  which  itself,  we  may  also  believe,  was  deeply  in* 
dented  here  by  a  col  of  the  trappean  rocks  in  which  the  Dalles  are 
channeled.  The  separate  valleys  leading  away  from  the  col,  as 
eroded  during  the  very  long  Tertiary  era,  may  have  attained  nearly 
the  same  size  which  they  now  have  as  parts  of  the  present  contin- 
uous valley,  varying  mainly  from  about  a  half  mile  to  one  mile  in 
width  and  from  75  feet  to  about  150  feet  in  depth  below  the  ad- 
Joining  rock  cliffs. 

In  the  Upper  Dalles,  at  and  just  south  of  Taylor's  Falls,  extend- 
ing about  two-thirds  of  a  mile,  and  again  in  the  Lower  Dalles  situ- 
ated two  miles  farther  down  the  river  and  reaching  one-third  of  a 
mile,  immediately  above  the  village  of  Franconia,  Minnesota,  the 
rock  cliffs  of  trap,  Keweenawan  diabase,  rise  almost  or  quite  per- 
pendicularly on  each  side  of  the  river,  inclosing  it  at  each  place  by 
a  very  picturesque  gorge.  The  vertically  jointed  and  castellated 
walls  of  the  Upper  Dalles  form  a  gorge  from  200  feet  to  about  500 
feet  wide,  which  turns  at  a  sharp  angle  in  its  central  part  from  a 
course  nearly  due  south  to  another  bearing  west-southwest.  The 
course  of  the  Lower  Dalles,  about  500  feet  wide,  is  also  west-south- 
west, this  direction  being  in  each  case  determined  by  a  principal 
system  of  parallel  and  nearly  vertical  joint  planes. 

^  Paper  before  cited  in  the  Ahbbican  Oboloaist,  (vol.  x).  esti-> 
matinsT  the  interglacial  stage  aa  9,750  years;  which  is  corrected  to  iibout 
15,000  years  in  the  same  volume,  p.  302,  Nov..   1892. 
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Between  these  diabase  g^orges  the  valley  widens  to  about  a  mile» 
its  western  rock  wall  being  an  escarpment  of  almost  horizontally 
bedded  Cambrian  sandstone  and  shales,  easily  eroded,  while  on  the 
east  it  is  inclosed  by  irregular  slopes  of  the  Igneous  Keweenawan 
rocks.  Continuing  south  from  the  Lower  Dalles,  the  valley,  a  half 
mile  to  one  mile  wide,  is  inclosed  by  escarpments  of  the  horizontal 
Cambrian  sandstone  capped  by  dolomitic  limestone,  with  overlying 
glacial  drift.  Returning  and  going  up  the  river  from  St.  Croix  FallB, 
we  find  its  valley  there  inclosed  chiefly  by  eroded  drift  bluffs. 

Berkey  and  R.  T.  Chamberlin  regard  the  very  remark- 
able potholes  or  giants'  kettles  of  the  trap  rocks  at  the  Up- 
per Dalles  as  due  to  the  ordinary  river  action  while  cutting 
down  this  rock  barrier  during  Postglacial  time.  Instead, 
as  shown  in  the  second  of  my  papers  cited  in  the  Bulletin 
of  the  Geological  Society,  these  potholes  seem  to  me  due 
to  torrents  plunging  through  moulins  of  the  ice-sheet,  prob- 
ably at  a  time  of  stagnation  of  the  glacial  currents  when 
the  ice  here  was  finally  meltng  away. 

Nearly  coincident  with  the  course  of  the  St.  Croix 
river  through  this  Interstate  Park  was  the  junction  of  the 
diverse  icefields,  that  on  the  east  bringing  the  red  drift 
from  the  region  of  lake  Superior,  while  that  on  the  west 
brought  gray  drift  from  the  Red  river  valley  and  Manitoba. 
Though  the  parts  of  both  icefields  in  the  vicinity  of  the 
Dalles  were  moving  easterly,  their  currents  being  turned 
toward  the  ice  boundary  and  its  concentrically  curved 
moraine  belts,  we  cannot  doubt  that  some  difference  of 
slope  of  the  ice  surface  was  distinguishable  on  the  east  and 
west  sides  of  this  line  of  junction,  when  they  both  were 
being  fed  by  snowfall  and  'by  inflow  of  glacial  currents. 
But  when  the  final  melting  had  reduced  the  ice  here  to  a 
thickness  of  only  a  few  hundred  feet,  or  at  last  no  more 
than  a  few  scores  of  feet,  with  its  former  motion  at  a  stand- 
still, or  nearly  so,  we  may  readily  see  that  the  waters  of  the 
surface  melting  might  run  toward  this  line  of  confluence 
of  the  diverse  Lake  Superior  and  Keewatin  icefields;  that 
waterfalls  would  pour  through  crevasses  and  the  vertical 
tunnels  called  moulins;  and  that  such  torrents  could  erode 
deep  potholes,  as  here,  with  little  general  water-wearing 
of  the  contiguous  rock  surfaces. 

These  giants'  kettles,  numbering  about  a  hundred,  the 
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largest  about  25  feet  in  diameter,  and  the  deepest  exceed- 
ing 80  feet  in  depth,  occur  most  abundantly  near  the  steam- 
boat landing  of  Taylor's  Falls,  at  the  central  part  of  the 
Upper  Dalles,  and  within  a  distance  of  fifty  rods  north- 
ward. They  are  unsurpassed  by  any  other  known  locality, 
not  even  excepting  the  Glacier  Garden  of  Lucerne,  in  re- 
spect to  their  variety  of  forms  and  grouping,  their  great 
number,  the  extraordinary  irregularity  of  contour  of  the 
much  jointed  diabase  in  which  they  are  eroded,  and  the 
difficulty  of  explanation  of  the  conditions  of  their  origin. 

If  it  be  desirable  to  suggest  a  probable  measure  in 
years  for  the  ages  of  the  gorge  and  the  giants'  kettles  at 
the  St.  Croix  Dalles,  I  would  venture  to  estimate  the  whole 
duration  of  the  Ice  age  as  about  100,000  years,  of  which 
about  half,  or  50,000  years,  would  probably  belong  to  the 
early  or  Kansan  glaciation;  about  15,000  years,  according 
to  Winchell,  would  measure  the  Buchanan  interglacial 
stage  in  Minnesota;  perhaps  30,000  years  may  be  allotted 
to  the  later  Illinoian  and  lowan  glaciation;  and  the  de- 
parture of  the  ice-sheet,  in  its  moraine-forming  Wisconsin 
stage,  occupied  probably  about  5,000  years.  Under  these 
estimates,  the  rock  gorge  here  would  be  about  40,000 
years  old,  its  last  5,000  years  being  approximately  the  time 
since  the  latest  parts  of  our  continental  ice-sheet  were 
melted  away.  For  the  giants'  kettles,  about  7,000  or  8,000 
years,  as  I  think,  may  be  assigned  as  their  age,  being  nearly 
the  same  as  that  of  the  beginning  of  erosion  of  the  gorge 
of  the  Mississippi  river  between  Fort  Snelling  and  Minne- 
apolis. 


/ 
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THe    PEQMATYTE     VEINS   OF     PALA,   SAN     DIEQO   COUNTV.* 

Br  O.  A.  WabiRo,  SteDtord  ColTanltr.  CalltonilB. 
PT^ATBS   XXII— XXVI. 

Concerning  the  region  with  which  this  papisr  deals, 
Fairbanks*  has  said :  "The  structure  of  San  Diego  county 
is  comparatively  simple.  T^iree  main  divisions  might  be 
made:  the  desert  region  on  the  east,  the  Peninsular  range 
of  crystalline  rocks  in  the  middle,  and  the  nearly  level  mesa 
on  the  west.  The  higher  mountains  are  formed  wholly  of 
ancient  crystalline  schists  and  massive  rocks." 


%.    •it    %  fliversidc 
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It  is  witli  this  middle  divison,  or  rather  the  part  of  it 
lying  tiL-tween  Temt-cula  canyon  and  the  Palomares  moun* 
tains,  that  we  have  to  <Ieal.  The  Palomares  moantains  are 
cciin|>'>sed  of  niiea  schists  but  the  lower  lying  hills  and 
inoiiTitains  iif  the  region  are  of  granite  and  dioryte,  and 
according  to  the  writer's  nl»servation  the  structure  is  that 
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dipping  45^  southwest.  The  rocks  shortly  become  massive 
and  are  replaced  by  dark  syenitic  ones,  ^ith  an  excess  of 
hornl)lcnde.  Two  miles  down,  granite  appears  for  a  short 
distance,  and  in  it  a  quarry  has  been  opened.  Gneissoid 
rocks  soon  replace  the  granite  and  these  are  followed  by 
hornblendic  rocks  which  vary  from  a  schistose  to  a  massive 
structure.  In  places  they  contain  feldspars  and  pass  into 
syenytes;  in  others  the  rock  is  almost  pure  hornblende. 
The  syenytes  are  followed  by  mica  schists  and  these  by 
coarse  biotite  granite  about  five  miles  above  Howe  [Fall- 
brook  |  station.  In  the  granite  are  many  pegmatitic  veinb. 
carrying  l)iotite,  garnets,  and  tourmaline.  Fine-grained 
granite,  varying  at  times  to  syenyte,  forms  the  rock  alon^ 
the  canyon  for  many  miles  below  this  point." 

Topography,  The  Fallbrook  region  is  a  rolling  plateau 
of  from  six  hundred  to  eight  hundred  feet  elevation.  From 
( )ceansidc  to  within  ^\t  miles  of  Pala,  the  San  Luis  Rev 
ivcr  lies  in  a  broad  sandy  valley.  The  mountains  then 
close  in  for  al)out  two  miles,  making  a  narrow  canyon,  but 
at  Pala  the  river  valley  opens  out  into  a  flat  alluvial  plaii. 
from  one  to  two  miles  wide,  extending  south-eastward  to 
the  foothills  at  Rincon.  Loose  boulders  and  gravel  strew 
the  floor  of  this  plain  and  of  the  small  side  valleys.  The 
river  kee])s  close  to  the  south  side  of  the  valley  and  a  few 
miles  above  Pala  has  cut  a  channel  in  this  wash  formation 
nearly  one  hundred  feet  below  the  floor  of  the  plain. 

I'eins  ofui  Jhkts,  The  large  intrusive  dioryte  areas 
are  eut  by  veins  com])osed  chiefly  of  feldspar,  biotite  and 
black  tourmaline.  Many  small  veins  also  cut.  the  granite 
area,  but  these  contain  only  feldspar  and  biotite,  without 
tourmaline. 

Two  rej^Hons  tif  ap]>arently  intrusive  granite  have  been 
ohserved,  the  beryl  re}4:ion  of  Rincon,  which  will  be  de- 
scribed later,  and  a  small  area  four  miles  soueheast  of  Fall- 
brook.  At  the  latter  place  two  prospect  shafts  have  been 
sunk,  one  of  .six  feel,  the  other  of  twenty-six  feet  in  depth, 
()n  a  ])e<:rmaiyte  vein  in  search  for  gems.  This  vein  is 
about  twenty  inches  wide,  striking  N.-S.  and  doping  So" 
to  the  east.  The  vein  is  well  defined  from  the  decomposed 
country  rock,     it  does  not  outcrop,  but  is  marked  by  a  local 
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more  resisting  character  of  the  granite  on  the  east  wall, 
making  a  distinct  ridge  about  ten  inches  high  and  two  feet 
wide.  A  slight  pegmatitic  structure  is  shown  in  the  west 
side  of  the  vein.  The  whole  width  consists  of  quartz,  feld- 
spar, and  muscovite.  A  little  fibrolite  is  developed  near  the 
center  of  the  vein, — a  mineral  not  known  to  occur  in  any 
other  vein  of  the  region.  A  few  pockets  have  been  found 
here,  and  some  fine  specimens  of  quartz  enclosing  black 
tourmalines  taken  out,  but  no  gems. 

About  two  miles  southwest  of  Fallbrook  station,  in 
Temecula  canyon  there  is  a  dyke  of  hypersthene  dioryte 
and  in  it  a  pegmatitic  vein  several  feet  wide.  This  shows 
a  graphic  structure  on  the  hanging-wall  side  and  a  bande'l 
garnet  quartzyte  on  the  footwall  side.  Muscovite  arid 
black  tourmaline  are  developed  to  considerable  extent  bu: 
otherwise  the  vein  is  not  mineralized. 

Structure  of  Ike  Pegmotyle  Veins.  This  pegmatic  struc- 
ture is  best  developed  in  an  area  about  one  and  a  half 
miles  wide  and  four  miles  long,  lying  northeast  of  Pala,  as 
shown  in  fig,  2.     This  consists  of  a  noryte  boss  within  the 
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granite.  The  contact  with  the  granite  is  well  marked  on 
the  east,  north,  and  west;  on  the  south  it  is  covered  by 
the  loose  gravels  of  the  valley.  A  number  of  pegmatyte 
veins  cut  through  the  noryte,  dipping  rather  uniformly  S. 
45''"50°  W.  at  an  average  angle  of  about  30"  with  the  hori- 
zontal. These  veins  have  a  very  uniform  stnietare,  like 
that  shown  in  fig.  3.    There  is  a  distinct  contact  between 
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the  iinryti'  (5)  and  upper  portion  of  the  vein.  This  npper 
porti"ii  ( I )  consists  of  a  coarsely  crystalline  pegma^rte  rich 
in  luic.i  .1111I  lilairk  tniiniialint'.  This  grades  into  a  fine 
Kraiiiod  Krapliic  ^riaiuto  {2)  in  which  is  often  a  little  mica. 
I'laif  xxii.  tij,'.  [,  is  of  a  hand  specimen  of  this  rock.  The 
K'rai>hii.-  frraiiilv  ;ira<Ks  downward  into  the  "pay-Streak"  (3) 
in  wl'iih  iIk-  rarer  minerals  are  found.  Fig.  2,  plate  ladi. 
shows  n  piece  "f  this  part  of  the  vein,  containing  )epi(loIite, 
albitc  and  niuscovite.  Pockets  occur  in  this  layer,  lined 
with  crystalli/cil  <|uartz  anil  feldspars  and  containing  ciys- 
tals  of  toitrrtialine.  ktin^itc  and  orthoclase,  usually  embed- 
ded in  a  clayey  niatri.x.  Itetween  the  paystreak  and  lower 
portion  14)  of  the  vein  the  contact  is  sharp.  This  lower 
part  consists  of  a  handed  garnet  <]uartzyte,  making  a  dis- 
tinct cntact  with  the  noryte.  .-\  peculiarity  of  this  is  that 
it  aiivays  composes  one-half  the  thickness  of  the  vein  and 
that  the  minute  garnct.s  have  a  handed  arrangement,  often 
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much  crumpled.  Plate  xxiii,  iSg.  i,  is  of  a  hand  specimen  of 
this  rock. 

Vans  of  the  Pa/a  Region.  By  far  the  largest  and  most 
distinctive  vein  is  near  the  western  side  of  the  noryte  boss. 
The  outcrop  is  on  the  east  slope  of  the  hill  and  is  plainly 
traceable  for  over  half  a  mile.  The  northern  portion  con- 
sists mainly  of  pegmatyte,  with  no  tourmaline  or  lepidolite. 
About  the  middle  of  its  exposed  length,  black  tourma- 
lines appear  in  a  coarse  quartz-feldspar-mica  matrix.  Often 
these  tourmaline  crystals,  several  inches  in  length,  are 
broken  into  many  pieces  and  displaced  slightly.  Lepidolite 
begins  to  show  here  in  small  veins,  and  farther  south  at  the 
lithia  mine,  it  develops  into  a  large  mass — 60  feet  through 
in  the  thickest  place.  This  mass  consists  of  small  particles 
of  lithia  mica  and  feldspar.  Near  the  southern  end  of  this 
are  found  the  beautiful  specimens  containing  radiating 
bunches  of  rubellite,  a  specimen  of  which  is  shown  in  plate 
xxiv.  Still  farther  toward  the  southern  end  of  the  outcrop 
only  black  tourmaline  occurs. 

Two  smaller  veins  outcrop  on  this  hill,  farther  west, 
and  exposed  higher  up.  On  ihem  are  located  the  Tourma- 
line King  and  Tourmaline  Queea  mines,  from  which  some 
gem  tourmalines  have  been  taken.  The  next  vein  of  note 
east  of  the  big  lithia  deposit  is  that  of  the  Pala  Chief  kun- 
zite  mine.  The  vein  has  the  same  structure  as  the  others; 
pockets  seem  more  plentiful,  however,  and  in  them  are 
found  quartz  crystals  of  large  size.  The  eastern  part  of 
this  noryte  area  contains  many  veins,  often  only  a  few  feet 
apart.  Some  difference  in  the  occurrence  of  the  rarer  min- 
erals is  noted  in  the  veins  though  no  strict  rule  is  followed. 
In  a  general  way,  however,  in  the  westernmost  veins 
lepidolite  is  more  plentiful,  tourmaline  in  the  more  central, 
and  kunzite  in  those  to  the  east. 

Character  of  the  Intrusive  Rocks  The  gabbro  of  this 
area  varies  in  texture  from  a  fine-grained  hypersthene  rock 
to  one  containing  large  feldspars  with  only  green  horn- 
blende. Near  the  eastern  end  of  the  noryte  is  a  small  area, 
only  a  hundred  yards  in  extent,  over  which  the  surface  is 
strewn  with  rounded  pebbles  from  one  to  three  inches  in 
diameter.      These    "orbicules"    have    resulted    from    the 
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weathering  i)f  an  orbicular  gabbro,  resembling  that  of 
Dehcsa,  California,  described  by  Lawson*  and  by  Kessler 
and  Hamilton.^  A  few  hundred  yards  to  the  west  the 
orbicular  rock  gives  place  to  a  very  coarse-grained  gabbro, 
which  grades  into  the  noryte. 

Minerals  Occurring  in  the  Pockets,  The  minerals  oc- 
curring in  the  pockets  of  the  veins  are:  quartz,  crystallized 
out  on  the  sides,  both  of  the  clear  and  smoky  varieties. 
These  crystals  are  notable  for  the  rather  common  develop- 
ment of  rare  crystal  faces.  Hyalite  and  rose  quartz  are 
also  sometimes  found.  Albite  occurs  with  quartz,  lining 
the  pockets,  and  has  a  tabular  habit  of  crystallization.  Orth- 
odase  is  usually  found  in  pockets  as  individual  crystals 
in  the  clav  and  is  of  the  aventurine  varietv.  It  consists  of 
microcline  and  albite  in  alternate  bands.  Muscovite,  usually 
of  a  greenish  tint,  is  found  in  plates  of  considerable  size 
within  the  pockets,  as  scales  or  flakes  making  up  a  consid- 
erable part  of  the  clay,  and  as  minute  scales  included  in 
other  minerals.  Lepidolite  when  found  in  pockets  is  usu- 
ally near  the  central  part,  and  embedded  in  it  are  often 
found  gem  tourmalines  and  kunzite.  This  latter  is  often  in 
fresh  fragments  and  splinters,  and  also  in  fragments  show- 
ing corrosion  or  decomposition. 

Crystals  tend  to  grow  to  large  size  in  these  pockets. 
Althnngh  any  one  mineral  may  occur  to  the  exclusion  of 
the  (►thers,  when  several  are  found  together,  the  orthoclase 
and  kunzite  are  near  the  center,  while  the  albite  and  lepi- 
dolite- arc*  near  the  walls.  It  is  rare  that  kunzite  and  tour- 
maline occur  in  the  same  pocket.  Even  when  in  the  same 
ledge,  they  are  some  distance  apart. 

Win  Afincrais  Quartz,  albite,  muscovite  and  black 
tourmaline  make  up  a  good  part  of  the  paystreak.  The 
mica  ufien  shows  a  crossing  of  plates  as  if  of  twinning  but 
this  is  n<»t  slu»wn  by  the  optical  figure.  It  is  probably  due 
to  crushing  or  sliding  action.  The  black  tourmalines  are 
rils(^  r»ften  intergrown  and  distorted,  besides  being  broken. 
Le])iflulite,  varying  in   (juality  from  the  nearly  pure  lilac- 


'  fiuil.  Dcpt.  GeoL  I',  iiii  vol.  Hi  \o.  17.  Mat,  1904  The  Orbicular 
r;:il»br<i    at    l»c-h»-sii.    San      l>i»*KO.    (\>..  Cal..   by   A.  C.  Lawbob. 

i  'Hm-  Orbicular  (Gabbro  of  Ut-heHa.  Cal..  bv  H.  H.  K^MLBB  and  W.  B- 
HAMILTON.      The   Amkrkan  (iioLooifiT.      Sept.,   1904. 
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colored  lithia  mica  to  that  containing  much  feldspar,  and 
amblygonite  occur  in  masses  of  several  tons  weight.  The 
amblygonite  is  found  as  a  rule  below  the  lithia  deposits, 
Triplite  is  found  in  masses  of  several  pounds  weight,  alman- 
dine  and  vermiculite  occur  to  some  extent,  and  about  five 
pounds  of  sulphide  of  bismuth  have  been  found  in  one  place 
in  amblygonite.  This  is  the  only  metallic  mineral  so  far 
known  in  this  locality. 

C/ays  in  the  Veins.  At  least  three  kinds  of  clay  from 
the  kunzite  bearing  ppckets  are  recognized,  known  locally 
as  kunzite  clay,  kunzite  and  tourmaline  clay,  and  lithia  clay. 
A  physical  analysis  of  these  has  been  made,  by  specific 
gravity  methods. 

Below  is  the  average  mineral  composition  of  them : 

Kunzite  Kunzite  Lithia  Kunzite  and 

Clay  Clay  Clay  Tourmaline 

No.  1.  No.  2.  Clay. 

Quartz    40.%  36.%  36.%  24.5% 

Albite 

Feldspar      and      43.  60.  60.  58.2 
Orthoclase 

Muscovite    6.  10.  10.  4.8 

Spodumene 10 . 9  1.3 

Lepidolite ;     2.5  3. 

Halloysite 12.3 

(Pink 

Tourmaline    1  (Blk)  .2  1.   (Green)  .2    and 

r-  Green) 

100.0  100.0  100.0  100.00 

These  analyses  show  that  the  amount  of  feldspar  and 
quartz  is  about  the  same  in  all — 83%  to  86% — while  the 
percentages  of  muscovite  and  rarer  minerals  vary  consid- 
erably. 

The  halloysite  is  a  pink  clay  apparently  derived  from 
rubellite,  for  all  gradations  from  unaltered  tourmaline  to 
the  chalky  clay  can  be  found.  An  analysis  of  it  as  given 
by  W.  T.  Schaller*  is  as  follows: 

•  Ameruan    JouttuU    of  Science^    Mar.    1904.  Notes  on  some  Califor- 

fomia    Minerals.       By   Waldbmab  T.  Schallbb 
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SiO» 

A?C» 

35.55 

Fe^O' 

.21 

MnO 

.26 

CaO 

1.02 

iMgO 

.19 

LiO'  .2S 

Na"0  .  19 

K*0  .03 

H'O    (107")  6.63 

H=0    (above  107°)    12.25 

TiO*  none 


100.18 


This  analysis  agrees  closely  with  the  formula  H*ArSi 
O^+H'O.     It   will   be   noticed   that   no  boron    was   found 
in  this  clay. 

A  small  amount  of  a  white  finely  granulated  mineral 
has  also  been  found  in  the  pockets.  The  microscope 
shows  it  to  1)0  composed  almost  wholly  of  fresh  angular 
fragments  of  feldspar,  which  contains  manganese. 

TA^  Kifu'on  District,  Eastward  toward  Rincon  the 
vein  structure  again  becom.es  evident  on  the  north  side  of 
the  valley,  and  at  the  base  of  the  Palomares  mountains 
above  Rincon  another  mineralized  area  occurs.  But  here 
the  country  rock  is  mainly  a  decomposed  granite,  with  the 
veins  standing  out  prominently.  These  have  the  usual 
structure  but  the  association  of  minerals  is  somewhat  dif- 
ferent. Crystals  of  quartz,  orthoclase  and  beryl  are  the 
pocket  contents.  Black  tourmaline,  patches  of  massive 
alniandinc  and  large  beryls  are  common  in  the  hard  peg- 
mat  itic  material.  (Greenish  muscovite  is  also  verv  notice- 
able  in  patches  several  inches  in  extent.  The  pegmatyte 
in  some  ])hiccs  has  a  very  coarse  structure  in  which  the 
individual  (juartz  and  orthoclase  crystals  are  several  inches 
ill  extent,  as  shown  in  plate  xxv. 

<  )nly  two  veins  have  been  prospected  enough  to  show 
the  occurrence  of  minerals.  From  the  lower  of  these,  over 
$2,(xx)  worth  of  gem  beryls  have  been  taken  with  the  re- 
moval of  hardly  a  hundred  cubic  yards  of  material.  The 
beryls  occur  in  clay  in  pockets  usually  not  over  eight  inches 
in  diameter,  in  the  central  portion  of  the  ledge.  In  the 
upper  vein  are  found  many  pockets  filled  with  a  red  clay 
composed  of  mica  and  iron-stained  kaolin.  Manv  small 
beryls  occur  in  this,  but  are  uniformly  of  a  milky  hue. 
Smoky  (juartz,  often  inleri^rown  with  mica  (plate  xxiii,  fig. 
2).  and  orthoclase  crystals  (plate  xxvi,  fig  i),  several  inches 
in  diameter  are  found  in  the  larger  pockets.     The  latter  are 
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of  the  aventurine  variety,  and  the  surface  is  often  corroded 
into  a  series  of  sharp  ridges  by  the  removal  of  microcline 
and  greater  resistance  of  the  albite  to  alkaline  waters,  as 
shown  in  the  twin  crystal  illustrated.  Iron  oxide  also 
seems  to  be  deposited  by  these  waters,  in  the  interstices  of 
the  crystals,  staining  them  red.  Many  of  the  beryls  are 
also  corroded  or  partly  dissolved,  as  shown  in  plate  xxvi, 

fig.  2. 

Neither  kunzite,  lepidolite  nor  amblygonite  has  yet 
been  found  in  this  region.     Albite  also  is  rather  uncommon. 

Spring  Waters  The  waters  of  three  springs — one 
from  Rincon  and  two  from  near  Pala — ^have  been  tested 
spectroscopically  for  lithia  but  show  no  trace.  They  are 
all  three  alike  in  containing  only  about  eighteen  grains  of 
solid  matter  to  the  U.  S.  gallon.  This  consists  mostly  of 
the  chlorides  and  carbonates  of  potassium,  sodium  and  cal- 
cium. 

Origin  of  the  Veins,  All  the  observed  facts  point  to 
the  hydrothermal  origin  of  these  veins.  As  Lehmann*  ex- 
presses it;  "as  a  result  of  crystallization  of  a  parent  mass 
and  the  concentration  of  water  in  the  residual  uncrvstallized 
part,  a  gelatinous  magma  rich  in  silica  is  formed.  Between 
such  a  gelatinous  magma  and  a  saturated  aqueous  solution 
a  large  number  of  consecutive  intermediate  stages  can  be 
imagined."  Such  a  cooling  and  crystallizing  magma  would 
fulfill  all  the  conditions  demanded  bv  the  structure  of  the 
veins  of  this  region.  The  three  phases  of  pegmatization 
as  given  by  Van  Hiset  seem  exhibited  in  these  dykes. 

The  graphic  granite  without  doubt  represents  crystal- 
lization from  a  solution  mainly  aqueous,  the  central  miner- 
alized portion  hydro-thermal  action,  while  the  lower  garnet 
quartzyte  crystallized  from  a  more  gelatinous  magma. 

Thin  sections  of  the  graphic  granite  cut  perpendicular 
to  the  long  axes  of  the  crystals  show  the  quartz  all  to  be 
oriented  the  same  way.  Sections  of  the  garnet  rock  show 
the  minute  garnets  to  be  perfectly  formed.     The  follow- 

•  Mono^aph     xlvii     I'.     8.     Geol.  Survey.     Van  Hi8I     A  treatise  on  Met 
aimorphism.     p.    722. 

+  Mono^aph     xlvll     U.     8.     Geol.  Survey.     Van  Hibb.    A  treatise  on  Met- 
morphism.      l>.    726. 
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ing  points  advanced  by  W.  O.  Crosby  and  M.  L.  Fuller*  in 
support  of  the  aqueo-igneous  theory  are  all  borne  out  by  the 
character  of  the  veins  in  question.  They  are:  the  occur- 
rence of  rare  minerals ;  the  formation  of  large  crystals ;  the 
banding  and  comb  structure  of  tourmalines,  etc.  normal  to 
the  walls;  water  inclusions  in  the  quartz;  and  the  occur- 
rence of  pockets  and  druses.  There  is  always  one  normal 
plutonic  rock  in  every  pegmatyte  region,  of  similar  but  less 
acid  character,  from  which  the  pegmatyte  is  evidently  de- 
rived. The  normal  country  granite  apparently  occupies 
this  position  here. 

In  summary  Van  Hise  says:  "Pegmatization  when  it 
occurs  on  a  great  scale  usually  is  found  in  connection  with 
great  intrusive  masses  in  which  there  have  been  long-con- 
tinued composite  intrusions.  No  great  batholith  is  the  re- 
sult of  a  single  simple  intrusion.  The  introduction  of  such 
masses  went  on  irregularly  through  a  very  long  time.  Peg- 
matyte masses  are  not  the  result  of  a  distinct  epoch  of 
erupti(.»n,  but  usually  are  produced  in  connection  with  the 
closing  ])liases  *of  igneous  activity.  *  *  *  As  the  peg- 
niatytes  close  to  the  central  mass  solidify,  a  large  portion 
of  the  water  is  expelled  and  travels  outward  to  help  form 
the  pej^niatyte  rock  having  a  more  distinctive  vein  char- 
acter." 

As  before  Slated,  the  banded  quartzyte  very  constantly 
forni'^  the  I'uvcr  half  of  the  Pala  and  Rincon  pegmatitic 
veins.  In  explanation  to  this  it  is  now  suggested  that  this 
material  first  (Kxnij)ied  the  fractures  in  the  cooling  noryte 
l)o>>  a^  a  hydrous  magma,  and  that  on  crystallizing  it  con- 
tracted t«'  approximately  half  its  former  volume.  Toward 
the  later  staj^^e  of  crystallization  garnets  developed,  aided 
by  contact  acti«m  of  the  noryte,  but  were  unable  to  reach 
any  considerable  size.  Later  a  more  aqueous  magma  was 
forced  uj^  tlirou^li  the  reopened  crevices  and  formed  the 
upper  ])ortion  of  the  veins.  The  pockets  seem  to  be  of 
later  origin.  The  crystallization  in  them  of  the  residual 
rare  elements  as  complex  silicates  and  the  occurrence  of 
larcfc  quartz  and  orlhoclasc  crystals  supports  this  theor}'. 


t   CKOfiiiY.   W.   <)     aii«l    ruLLKK.   M.   L.,    GrtirlD  of  Peffmatltc.         Tuk.   Quar- 
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None  of  the  minerals  of  the  rare  elements,  tourmaline, 
spodumene,  beryl  or  lepidolite,  occur  outside  of  the  pegma- 
titic  formation. 

None  of  the  common  rock-forming  minerals  could  take 
up  these  rare  elements,  and  an  igneous  magma  is  not  con- 
ducive to  their  crystallization  as  complex  silicates;  hence 
they  remained  uncombined  until  forced  out  with  the  erup- 
tion of  the  pegmatyte.  In  this  hydrous  magma  conditions 
were  favorable,  so  they  crystallized  out  as  the  rarer  sili- 
cates. The  plentiful  occurrence  of  tourmaline  indicates 
fumarole  action  also  to  have  been  a  prominent  factor  in  this 
period. 

Tyj>es  of  Veins,  The  different  types  of  veins  observed 
may  now  be  summed  up  into  six  classes. 

1.  Veins  in  the  normal  granite,  containing  only  ortho- 
clase  and  biotite. 

2.  Veins  in  the  normal  dioryte,  containing  quartz, 
feldspar,  biotite  and  black  tourmaline. 

3.  The  pegmatitic  vein  in  intrusive  (?)  granite,  (east 
of  Fallbrook),  containing  quartz,  feldspar,  mica,  black  tour- 
maline, fibrolite,  and  quartz  crystals  enclosing  black  tour- 
malines. 

4.  The  pegmatitic  vein  in  hypersthene  dioryte  (in 
Temecula  canyon)  showing  graphic  granite  and  banded 
quartzyte  structure,  but  not  mineralized. 

5.  Pegmatyte  veins  of  Pala  in  noryte,  "highly  miner- 
alized, containing  lepidolite,  amblygonite.  spodumene,  tour- 
maline, quartz  and  feldspars. 

6.  Pegmatyte  veins  of  Rincon  in  intrusive  ( ?)  granite, 
also  mineralized  but  with  a  different  association  of  miner- 
als— quartz,  orthoclase,  muscovite  and  beryl. 

From  the  previous  discussion  it  is  seen  that  the  most 
highly  mineralized  veins  are  in  an  area  of  noryte — a  basic 
hypersthene  rock.  The  more  acid  hypersthene-bearing 
dykes  show  the  pegmatitic  structure,  but  are  not  mineral- 
ized, while  in  normal  dioryte  and  granite,  no  pegmatitic 
structure  was  observed. 

The  present  surface  near  Pala  probably  represents  the 
original  zone  of  anamorphism  at  the  time  of  intrusion,  while 
the  more  acid  diorytes  of  Fallbrook  may  represent  an  or- 
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iginal  zone  nearer  the  former  surface.  In  support  of  this 
theory  are  advanced:  (i)  the  evidences  of  great  erosion 
shown  in  and  about  the  Pala  valley,  (2)  the  more  basic 
nature  of  the  rocks,  according  with  deeper  seated  condi- 
tions, (3)  the  occurrence  of  the  heavy  minerals — garnet  and 
triplite — and  especially  of  the  suphide  of  bismuth,  (4)  the 
shape  of  the  noryte  area,  more  resembling  a  neck  or  boss 
than  a  dyke.  The  occurrence  of  epidote  and  fibrolite — sec- 
ondary minerals  typical  of  the  zone  of  katamorphism — in 
the  Fallbrook,  but  not  in  the  Pala  region,  is  another  point 
in  support  of  this  theory.  Of  the  two  hornblende  granu- 
lytes  studied,  occurring  as  small  dykes  in  the  country  rock, 
that  from  Pala  shows  more  tendency  toward  recrystalliza- 
tion  of  the  minerals,  than  does  the  Fallbrook  rock,  also  in- 
dicating a  greater  depth  of  formation  for  the  former.  The 
general  occurrence  of  potash  feldspar  in  the  triclinic  form, 
niicrocline,  may  be  taken  partly  as  an  evidence  of  pressure 
due  to  depth,  though  it  is  the  usual  variety  occurring  in 
pcgniatytes.  Several  minerals  show  the  effects  of  crushing 
and  slight  displacement,  as  black  tourmalines  and  crossed 
plates  of  mi(ca.  The  fresh  granulated  feldspar  also  shows 
the  results  of  crushing.  Evidently  considerable  orographic 
movement  has  caused  this. 

Alterations  of  the  Minerals.  Since  the  time  when  ero- 
sion brought  the  present  accessible  part  of  the  veins  above 
the  zone  (^f  anamorphism  considerable  alteration  of  the  min- 
erals has  taken  place.  The  spodumene  is  often  fractured 
and  |)itted  and  contains  patches  of  kaolin-like  material. 
The  alteration  to  beta-spodumene  and  finally  to  muscovitc 
and  alhilc  as  in  the  l^ranchville.  Conn,  variety  is  not  shown 
in  thin  sections  of  the  Pala  mineral.  The  decomposition  of 
rubellite  to  halloysite  has  been  mentioned.  Vermiculitc 
occurs  to  some  extent  as  an  alteration  of  the  mica,  especi- 
ally at  Rincon.  Tlic  alteration  of  microcline  and  albite  to 
kaolinile  and  muscovite  with  the  liberation  of  silica  and  the 
alkaline  carbonates  seem  to  take  place  to  considerable  ex- 
tent, and  is  thought  to  be  the  origin  of  the  clay  of  the 
j)ockcts.  These  reactions  take  place  with  a  decrease  in 
volume  of  from  5'f  t()  t6^V.  assuming  the  silica  to  crystal- 
lize as  quartz  and  the  carbonates  to  be  carried  off  in  solu- 
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tion, — facts  according  with  the  conditions  revealed  in  new- 
ly opened  pockets.  Perhaps  the  best  example  of  alteration 
is  presented  in  the  pockets  at  Rincon.  Here  corroded 
crystals  of  orthoclase  (plate  xxvi.  fig.  i )  and  corroded  beryls 
(plate  xxvi.  fig.  2)  occur  together  in  a  matrix  of  sticky  red 
clay  composed  for  the  most  part  of  iron-stained  mica  and 
kaolin.  It  seems  clear  that  the  microcline  has  first  yielded 
to  the  meteoric  waters  and  been  reduced  to  kaolin  and  mica. 
The  waters,  made  more  alkaline  by  the  liberated  potash^ 
have  then  attacked  the  beryls  and  partly  dissolved  them. 
Muscovite  often  occurs  as  fine  flakes  on  the  larger  beryls, 
seemingly  as  a  product  of  alteration.  The  very  interesting 
series  of  reactions  that  have  taken  place  here  well  deserve 
further  study.  The  relation  of  the  amblygonite  to  lepido- 
lite,  the  decomposition  of  spodumene  and  the  reactions  be- 
tween the  feldspars  and  beryl  especially  present  reactions 
worthy  of  examination.  Some  attempt  has  been  made  to 
trace  the  rare  elements  when  alteration  takes  place,  but 
no  secondary  minerals  of  boron  or  beryllium,  derived 
from  tourmaline  or  beryl,  are  known  to  occur;  neither  do 
ordinary  tests  show  the  presence  of  these  elem'ents  in  the 
surface  waters.  It  seems  probable  however  that  they  are 
carried  ofT  as  soluble  salts,  but  in  quantities  so  small  as 
easih^  to  escape  notice.  The  failure  to  find  lithia  in  these 
waters  might  be  expected,  for  the  lepidolite  is  always  fresh 
and  unaltered. 
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E  SALT  DEPOSITS  OF  NORTHEASTERN  OHIO.* 

J.  A.  BowHocKBB,  Columbufl,  Ohio. 
PLATE   XXVII. 

Introduction,  The  first  settlers  of  the  territory  of 
Ohio  found  salt  one  of  the  most  expensive  necessities.  Not 
a  pound  was  produced  in  the  territory,  nor  was  there  a 
supply  west  of  the  Alleghanies.  In  consequence,  salt  had 
to  be  transported  across  the  mountains,  making  the  cost 
to  the  settlers  from  four  to  eight  dollars  per  bushel.  So 
lieavy  was  this  burden  that  many  thought  it  would  per- 
manently handicap  the  development  of  the  territory. 

However,  when  the  hills  of  the  southeastern  portion 
of  the  territory  were  explored,  the  situation  was  found  to  be 
more  favorable.  Salt  springs  were  discovered  and  these 
would  at  least  yield  a  partial  supply,  thus  helping  keep  the 
price  of  salt  within  the  reach  of  all. 

Probal)ly  the  first  salt  made  by  white  men  on  land  now 
forming  part  of  Ohio  was  on  the  banks  of  Salt  creek  in 
what  is  now  Jackson  county.*  The  brine  was  obtained 
directly  from  springs  or  from  shallow  wells,  and  evapor- 
ated ill  iron  kettles.  Brines  were  found  also  in  the  valleys 
of  the  Muskingum,  Duck  creek  and  other  streams.  Salt 
furnaces  were  built  in  many  places,  thus  making  the  pco- 
l)le  independent  of  an  eastern  supply. 

These  furnaces  flourished  for  many  years,  but  the  com- 
petition of  New  York  and  Michigan  with  their  much 
^troiii^^er  brines  proved  too  much  and  one  by  one  the  fur- 
nace.^ of  Ohio  were  abandoned.  About  the  year  1890  salt 
makitij:^  was  practically  restricted  to  Pomeroy  and  vicinity 
in  the  valley  of  the  Ohio  river,  that  locality  having  fuel  in 
tile  adj.icent  hills  and  water  transportation  for  the  manu- 
faetiired  i)ro<luct.  These  advantages,  however,  great  as 
tliey  were,  would  not  have  been  sufficient  to  keep  the  in- 
dustry alive.  The  brines  contain  bromine  and  calcium 
chloride,  and  it  is  these  by-products  that  have  saved  the 
]*oineroy  furnaces  from  the  fate  of  others  in  that  part  of 

Ohio. 

So  p^reat  had  been  the  decrease  in  the  manufacture  of 


*  riiiiIisli«Mi    by    ponnission    of    EMward  Orton,  Jr.,  State  G«oIofftat  of 

:)hio. 

v  Atn.  Jonr.  nf  Soi.  :inil  Arts.  Vol.  24,  p.   46. 
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salt  that  in  1890  the  state  produced  only  two  and  six-tenths 
per  cent  of  the  total  yield  of  the  United  States,  ranking 
sixth  among  the  states.  Less  than  ten  years  earlier  Ohio 
produced  over  six  per  cent  of  the  total  and  was  surpassed 
by  New  York  and  Michigan  only. 

Sa/^  Discovered  in  Northeastern  Ohio,  About  1886 
when  it  seemed  that  Ohio  must  cease  to  be  a  large  salt  pro- 
ducer, an  important  discovery  was  made.  In  drilling  for 
natural  gas  at  Newburg,  near  Cleveland,  rock-salt  was 
found.  This  well  was  the  deepest  that  had  been  drilled  up 
to  that  time  in  northeastern  Ohio,  and  furnished  valuable 
data  on  the  stratigraphical  succession  of  that  part  of  the 
state. 

The  driller's  log  as  interpreted  by  Dr.  Edward  Orton 
is  as  follows:* 


Thickness 

Total 

of 

Formation. 

Depth. 

Drift 

40  ft. 
1310  ft. 

40  ft 

Ohio  and  Bedford  shales  

1350  ft 

Comlferous 

C    Limestone   

290  ft 

1990  ft. 

ftnd  Monroe  < 

Sand  containing  lime.. 

40  ft 

1700  ft. 

formations. . 

Limestone   

310  ft. 

1660  ft. 

r     Rock-salt  and  shale 

164  ft 

2154  ft 

Shale    

15  ft. 

2169  ft. 

Limestone   

81  ft 

2250  ft. 

x»0\«n'Bciili     .*•..      .•.•*• 

50  ft. 

2300  ft. 

Shale,  blue    

40  ft. 

2340  ft. 

Salina 

Sand   

20  ft. 

2360  ft. 

formatiop^ 

Shale    

18  ft. 

2378  ft. 

Limestone   

22  ft. 

2400  ft. 

Rock-salt   

20  ft. 

2420  ft 

Shale    

10  ft. 

2430  ft 

Limestone   

40  ft 

2470  ft. 

Rock-salt   

5  ft. 

2475  ft 

Shale   

8 

2483  ft 

r    Limestone  

167  ft 

2650  ft 

Niagara 

8  ft. 

2658  ft. 

formation 

Limestone    

22  ft 

2680  ft 

Oil'Sand    .  • .  • 

6  ft. 

2686  ft 

Clinton           J 
formation   ] 

Limestone   

64  ft. 

2750  ft. 

•  Oeol.  Survey  of  Ohio,  Vol.  vi,  p.  362. 
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Later  drilling  was  continued  through  *iimestones  of 
the  same  general  character"  to  a  depth  approximating  3,000 
feet  when  the  tools  became  fast,  and  hence  work  ceased. 

The  40  feet  of  sandstone  found  at  a  depth  of  1,660 

feet  has  been  reported  in  other  places.     Dr.  Orton  thought 

it  the  equivalent  of  the  Sylvania     sand     found     in  Lucas 

countv.     As  is  well  known  the  latter  formation  lies  in  the 

Monroe  formation,  and  hence  cannot  belong  to  the  Orisk- 

any  as  some  have  thought.  The  sand  is  found  at  a  corres- 
ponding horizon  in  the  deep  wells  at  Barberton,  Summit 

county,  Wayne  county  and  at  Jefferson,  Ashtabula  county. 
it  is  this  formation  that  contains  the  oil  and  gas  at  the 
latter  place.*  The  presence  of  this  stratum  at  widely  dif- 
ferent places  shows  that  it  is  more  important  stratigraphic- 
ally  than  has  been  heretofore  recognized. 

Chemical  analyses  have  been  made  from  drillings  taken 
at  several  horizons.     These  show  that  the  shales  associated 

with  the  rock-salt  consist    largely  of  calcium  sulphate,  and 

that  the  top  of  the  Niagara  is  strongly  mag^esian  and  the 

lower  i)art   almost  a  pure  dolomyte.t 

Xot  finding  the  desired  fuel  in  commercial  quantities 
in  this  well,  attention  was  given  to  the  salt,  with  the  result 
that  the  manufacture  of  this  article  was  soon  begun.  The 
industry  has  been  extended  to  other  places  with  the  result 
that  in  1903  Ohio  produced  nearly  15  per  cent  of  the  total 
for  the  I'nited  States,  and  again  took  third  place,  being 
surpassed  by  New  York  and  Michigan  only. 

Rftor.fs-  of  Other  Wells,  Shortly  after  the  furnace 
was  constructed  at  Newburg,  one  was  built  in  Cleveland, 
the  locatinii  being  on  the  lake  front  at  the  foot  of  Madison 
street.  Rrine  is  supplied  by  five  wells,  each  approximating 
2.000  feet  in  depth.     Following  is  a  log  of  well  No.  4: 

Drift    267  ft 

Ohio  and  Bedford  shales   723  ft 

Coniferous  and  Monroe  formations .78S  ft 


•  (f»M^l.  Siirv«»y  of  Ohio,  Bull.  I.  4th  Ser.  p. 
^  <.;»^ol.   Surv»\v  of  Ohio.   Vol.  vl.  p.  354.  ■ 


Salina 

formation 
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Rock-Bait  and  limestone   10  ft 

Rock-Bait  • 16  ft 

Limestone    16  ft. 

Rock-salt    1»  ft 

Limestone    ^ 4  ft 

Rock-salt    59  ft 

Limestone   21    ft 

Rock-salt   37  ft. 

Limestone   4  ft. 

Rock-salt 37  ft 

Sliales    . .  .• 16  ft. 

This  log  does  not  show  the  sandstone  in  the  Monroe. 
This  is  believed,  however,  to  be  due  to  the  imperfection  of 
the  record,  and  not  to  the  absence  of  the  formation.  It  is 
worthy  of  note  that  this  well  shows  168  feet  of  rock-salt. 

Five  years  ago  the  Cleveland  Salt  Company  began 
work,  the  plant  being  located  at  the  intersection  of  Second 
,and  Central  avenues.  The  welU  are  about  1,950  feet  deep, 
but  no  detailed  record  was  kept  of  the  strata  above  the 
Salina.  The  latter  consists  of  beds  of  salt  varying  in  thick- 
ness from  5  to  72  feet,  alternating  with  limestone  strata 
ranging  in  thickness  from  5  to  22  feet. 

About  1889  a  well  in  search  of  oil  was  begun  at  Wads- 
worth  in  the  southeast  corner  of  Medina  county.  Progress 
was  slow,  more  than  a  year  elapsing  before  a  satisfactory 
depth  (3,200  feet)  was  reached.  Oil  was  not  found  and  but 
little  gas.  However,  at  about  2400  feet  rock-salt  was  dis- 
covered. The  stockholders  were  not  ready  to  make  use  of 
this,  and  accordingly  the  well  was  abandoned.  A  year  or 
two  later  a  company  was  organized  and  the  manufacture 
of  salt  begun.  Brine  is  secured  from  four  wells  approxi- 
mating 2,700  feet  in  depth.  Records  of  the  strata  were  not 
kept,  but  the  manager  of  the  works  reports  that  four  beds 
of  rock-salt  were  found,  aggregating  140  feet  in  thickness. 

In  the  autumn  of  1898  the  Ohio  Salt  Company  began 
making  salt  at  Rittman  in  the  northeast  corner  of  Wayne 
county.  The  following  records  of  wells  Nos.  i  and  3  show 
the  stratigraphical  succession: 

NUMBBR  1. 

Drift    173  ft 

Berea  sandstone  20  ft 

Bedford  and  Ohio  shales  1842  ft 
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Comiferous       f  Limestone   268  ft 

and  Monroe    J   Sandstone    (gray)    30  ft. 

formations  I   Limestone    (shelly)    225  ft 

Salina  f 

formation!     R^^'^*^^   «« '^ 

Total   depth    2624  ft 

Work  ceased  when  the  first  bed  of  salt  was  penetrated, 

but  in  well  No.  3  the  drill  was  forced  deeper. 

The  lower  part  of  this  record  follows: 

Base  of  Monroe  formation  at 2516  ft 

Rock-salt   6  ft 

Limestpne   25  ft 

Rock-salt   30  ft 

Limestone   5  ft 

Rock-salt   35  ft 

White   slate 30  ft 

Limestone   7  ft 

Total  depth    2654  ft 

The  Colonial  Salt  Company,  located  at  Kenmore  be- 
tween Akron  and  Barberton,  has  drilled  six  or  seven  wells 
to  a  depth  of  about  2,96b  feet.  At  Barberton  a  few  miles 
farther  south  the  Columbia  Chemical  Company  also  has 
drilled  several  deep  wells  for  salt  used  in  the  manufacture 
of  soda-ash.  Below  is  the  record  of  well  No.  i  of  this  com- 
pany : 

Drift    90  ft 

Slate,  black,  soft    ' 45  ft 

Sand,  black,  soft   15  ft 

Cuyahoga  and  Sunbury   (Berea)  shales 310  ft 

Borea   grit    10  ft 

Bedford  and  Ohio  shales   1710  ft 

Lime,  brown,  very  hard   60  ft 

Lime.  gray,  very  hard 80  ft 

Lime,   white    150  ft 


Comiferous 


and  Monroe    J 

Lime    ^ 244  ft. 


,  ^,  Lime,   gray    30  ft 

formations       a,      .    ,  *.     -  •«  -» 

Sand,  brown,  very  hard 30  ft 
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^  Rock-salt   30  ft 

I  Lime  16  ft 

Ballna               j  Rock-salt  6  ft 

formation .  ^  Lime  5  ft 

I  Rock-salt   69  ft 

(^Llme : 107  ft. 

Total    3006  ft 

One  more  record  will  be  g^ven.  This  is  of  a  well  near 
Cortland,  Trumbull  county.  The  well  was  drilled  for  oil 
or  gas. 

Drift   40  ft. 

Shale    60  ft 

Berea  grit   160  ft. 

Bedford  and  Ohio  shales  2396  ft 

Comiferous  and  Monroe  formations 583  ft 

r  Rock-salt   12  ft 

Limestone   5  ft 

Rock-salt   2  ft 

Limestone    3  ft 

Rock-salt   10  ft 

Limestone   50  ft 

Rock-salt   29  ft. 

Limestone   10  ft 

Rock-salt    52  ft. 

White  shale    18  ft. 

Limestone    35  ft. 

Rock-salt   10  ft. 

Limestone   27  ft. 


Salina 

formation 


N 


Total   depth    3502  ft. 

South  from  Cortland  no  wells  have  been  sunk  to  the 
horizon  of  the  salt  beds,  and  hence  the  extent  of  the  de- 
posits in  that  direction  can  not  be  given.  ,  Farther  west 
Barberton,  Wadsworth  and  Rittman  mark  the  southern  line 
of  exploration.  The  great  difficulty  of  making  tests  lies  in 
the  depth  of  the  formation  sought  after.  The  Ohio  shales, 
which  He  above  the  great  limestones,  thicken  rapidly  to  the 
east  and  south,  attaining  nearly  2400  feet  along  the  Penn- 
sylvania line. 

At  Sandusky  a  well,  drilled  for  oil  and  gas,  gave  the 
following  rock  succession:* 

•  Geol.  8ur.  of  Ohio,  vol.  vi.  p.  195. 
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Drift   10  ft. 

Comiferous  limestone  100  ft. 

Monroe  and  Niagara  formations 970  ft 

Niagara  shale  and  Clinton  formation 105  ft 

Medina  shale 175  ft 

Cincinnati  shale  and  limestone ^ . . .  500  ft 

Utica  shale   310  ft 

Trenton  limestone  at 2210  ft 

The  Monroe  tincl  Niagara  limestones  were  found  to 
contain  gypsum,  fourteen  different  layers  having  been  pene- 
trated. The  highest  lay  no  feet  below  the  summit  of  the 
limestone  and  the  lowest  was  near  the  base.  No  rock-salt, 
however,  was  found,  and  hence  the  salt  beds  do  not  extend 
as  far  west  as  Sandusky.  However,  the  area  beneath 
which  these  deposits  have  been  demonstrated  to  lie,  and 
the  thickness  of  the  beds  in  question  show  that  Ohio  con- 
tains enough  salt  to  supply  the  entire  country  for  an  in- 
definite period. 


MINERALOQICAL   SYNONYMS. 

(From   the  Mineralo^cal  Magrazine.  May,   1906.) 

Xew  names  are  still  being  given  to  imperfectly  des- 
cribed minerals,  hut  it  is  satisfactorv  to  observe  that  manv 
of  these  doubtful  species,  as  well  as  some  earlier  ones,  are 
beinj^  proved  to  have  no  existence.  Such  names  need. 
therefore,  only  burden  the  lists  of  synonyms  in  the  larger 
works  of  reference.  .Amongst  identities  recently  proved, 
or  siij^^^j^i^ested  on  good  grounds,  the  following  may  be  noted: 

Concbite  =  aragonite  ( R.  Rrauns,  Centralbltt  Min., 
i(>C)i.  |).  134:  H.  \'ater.  Zeits.  Kryst.  Min..  1901,  vol.  xxxv, 

I>.  149)- 

Coolj^ardite  =  coloradoitc  +  calaveritc,  &c.  (L.  J. 
,  S|)encer.  Min.  Mag.,  1903.  vol.  xiii.  p.  268.) 

Diniorphite  =  orpiment  (S.  Stevanovie.  Zeits.  Kryst. 
Min.,  Tf/)4,  vol.  xxxix.  ]).   18).    . 

Goldschmidtite  =  sylvanite  (C.  Palache,  Amer.  Joum. 
Sci.,  IQOO,  ser.  4,  vol.  x,  p.  422). 

Hessenbcrgite  =  hertrandite  (F.  Grunling,  Zeits.  Kryst. 
Min.,  1904,  vol.  xxxix,  p.  386.) 
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Huelvite  =:  rhodochrosite  +  tephroite  (Chemiker-Zeit- 
ung,  1903,  Jahrg.  xxvii,  p.  15). 

Hussakite  =  xenotime  (E.  Hussak  and  J.  Reitinger, 
Zeits.  Kryst.  Min.,  1903,  vol.  xxxvii,  p.  563). 

Hydrogiobertite  =  brucite  -|-  ?  (L.  Brugnatelli,  Cen- 
tralbratt  Min.,  1903,  p.  148). 

Kalgoorlite  =  petzite  +  coloradorite  (L.  J.  Spencer, 
Min.  Mag.,  1903,  vol.  xiii,  p.  268). 

Kilbrickenite  =  geocronitc  (G.  T.  Prior,  ibid.,  1902, 
vol.  xiii,  p.  186). 

Ktypeite  =  aragonite  (H.  Vater,  Zeits.  Kryst.  Min., 
1901,  vol.  XXXV,  p.  149). 

Lacroisite  =  rhodochrosite  -|-  rhodonite  (Chemiker- 
Zeitung,  1903,  Jahrg.  xxvii,  p.  15). 

Liissatite  =  tridymite  (F.  Slavik,  Centralblatt  Min., 
1901,  p.  690). 

Mamanite  =  polyhalite  (J.  H.  van  't  Hoff  and  G.  L. 
Voerman.  Sitz.-ber.  Akad.  Wiss.  Berlin,  1904,  p.  984). 

Martinite  =  monetite  (A.  de  Schulten,  Bull.  Soc.  franc. 
Min.,  1901,  vol.  xxiv,  p.  325). 

Metabrushite  =  brushite  (A.  de  Schulten,  ibid.,  1903, 
vol.  XX vi,  p.  14). 

Mooraboolite  =  natrolite  (Min.  Mag.,  1903,  vol.  xiii,  p. 

Palacheite  =  botryogen  (A.  S.  Eakle,  Amer.  Journ. 
Sci.,  1903.  ser.  4,  vol.  xvi,  p.  379). 

Plusinglanz  =  argyrodite  (A.  Frenzel,  Min.  petr.  Mitt. 
(Tschermak),  1900,  vol.  xix,  p.  244). 

Ramosite  =  basic  volcanic  scoria  (L.  McI.  Luquer, 
Amer.  Journ.  Sci.,  1904,  ser.  4,  vol.  xvii,  p.  93). 

Reinite  =  wolframite  pseudomorphous  after  scheelite 
(T.  Wada.  Minerals  of  Japan,  Tokyo,  1904,  p.  76). 

Siinonyite  =  blodite  (F.  M.  Jaeger,  Min.  petr.  Mitt. 
(Tschermak),  1903,  vol.  xxii,  p.  103). 

Tamanite  =  anapaite  (Zeits.  Kryst.  Min.,  1903,  vol. 
xxxvii,  p.  267). 

Torrensite  =  rhodochrosite  +  rhodonite  (A.  I^croix, 
Bull.  Soc.  franc.  Min.,  1900,  vol.  xxiii,  p.  254). 

Viellaurite  =  rhodochrosite  +  tephroite  (A.  Lacroix, 
ibid.,  1900,  vol.  xxiii.  p.  253). 
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Wapplerite  =  rosslerite   (A.  de  Schulten,  ibid.,   1903, 
vol.  XX vi,  p.  99). 

Warrenite  =  jamesonite  (L.  J.  Spencer,  Nature,  1904, 

vol.  Ixix,  p.  575). 


EDITORIAL  COMMENT. 


The  New  Building  for  the  National  Museum,  at  Washing- 
ton, D.  C. 

PI^TB  XVIII. 

The  present  National  Museum  building,  has,  almost 
from  the  day  of  its  completion,  been  recognized  as  quite 
inadequate  to  meet  the  requirements  of  the  rapidly  growing 
collections  and  to  supply  the  needs  of  an  ever  increasing 
force  of  workers.  In  his  report  for  1882  professor  Baird 
discussed  this  matter  and  proposed  that  a  third  building  be 
erected  on  the  southwest  corner  of  the  Smithsonian  reser- 
vation, sufficient  for  the  accommodation  of  the  Geological 
Survey  and  the  geological  and  mineralogical  collections  of 
the  Museum.  A  bill  providing  for  such  a  building  was  in- 
troduced into  Congress  and  referred  to  the  Committee  on 
T^ihlic  Buildings  and  Grounds,  but  no  definite  action  at  that 
time  was  taken. 

Fr<»m  1882  until  the  present  time  the  necessity  for  a  new 

])uil(ling  has  never  ceased  to  be  the  subject  of  more  or  less 
aiieiiiion  by  the  regents  and  secretary,  but  it  was  not  until 

the  si)ring  of  KpT,  that  a  bill  was  finally  passed  appropri- 

aiiii<^^  three  and  a  half  million  dollars  for  this  object.  At  the 

present  writing  the  foundation  for  the  new  building  is  laid 

and  work  u|>()n  the  superstructure  begun. 

According  to  the  details,  as  given  in  the  last  report  of 

assistant  secretary  Rathhun,  the  new  building,  which  is  to 

be  situated  on  the  north  side  of  the  Smithsonian  grounds 

and  facing  the  old  Smithsonian  building,  will  have  a  length 

of  five  hundred  and  fiftv-onc  feet,  a  width  of  three  hundred 

atid  eighteen  feet,  exclusive  of  projections,  and  a  hight  of 

stonework  above  the  basement  floor  of  seventy-seven  feet 

There  will  he  four  stories  including  the  basement,  which, 

beginning  above  the  level  of  the  adjoining  street,  will  be 
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well  lighted  and  entirely  available  for  use.  The  main  and 
second  stories  will  contain  the  exhibition  collections,  while 
the  basement  and  upper  story  will  be  allotted  to  the  many 
other  requirements  of  a  large  museum. 

In  a  general  way  it  may  bie  said  that  the  building  will 
consist  primarily  of  a  main  part  in  the  shape  of  a  broad  T, 
comprising  three  wide  wings  or  sections  diverging  at  right 
angles  from  a  large  rotunda  at  the  southern  or  principal 
entrance.  Ranges  of  narrower  width,  one  on  each  side  and 
two  at  the  north,  will  connect  the  three  ends  of  the  T  or 
main  sections  so  as  to  inclose  two  large  open  courts  (each 
128  feet  square),  and  thus  complete  the  quadrangle.  The 
two  south  sections,  which,  with  the  rotunda,  comprise  the 
front  part  of  the  building,  will  project  slightly  at  each  end 
beyond  the  walls  of  the  side  ranges. 

The  new  structure  will  be  located  on  the  north  side  of 
the  Mall,  in  the  so-called  Smithsonian  park,  about  midway 
between  Ninth  and  Twelfth  streets,  directly  in  front  of  the 
Smithsonian  building,  and  with  its  center,  like  that  of  the 
latter,  on  the  axis  of  Tenth  street.  While  the  main  front 
and  entrance  will  face  southward,  or  toward  the  middle  of 
the  park,  there  will  also  be  a  commodious  entrance  by  way 
of  the  basement  on  the  north,  as  an  approach  from  Tenth 
street.  The  northern  facade  will  be  about  78  feet  from  the 
sidewalk  of  B  street  north,  while  the  central  projection 
thereof,  containing  the  entrance,  will  reach  about  25  feet 
nearer  to  the  street. 

As  the  land  rises  rapidly  southward  from  B  street,  it 
has  been  planned  to  have  the  basement  floor  slightly  above 
the  level  of  that  street,  but  at  the  south  the  top  of  the  base- 
ment will  be  nearly  on  a  level  with  the  ground.  Suitable 
embankments  will  be  built  along  the  sides  of  the  building, 
inclosing  a  broad  area,  which  will  also  extend  along  the 
south  front,  thus  making  the  basement  equivalent  to  a  full 
story  for  at  least  workroom,  laboratory,  storage,  and  heat- 
ing purposes.     Its  hight  will  be  14  feet. 

The  first  and  second  stories,  intended  for  the  public, 
vill  be  20  feet  and  19  feet  5  inches  high,  respectively.  The 
vindows  will  measure  14  feet  9  inches  high  in  the  first  and 
2  feet  high  in  the  second,  the  corresponding  ones  in  the 
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two  stories  occupying  the  same  embrasure,  though  separa- 
ted by  ornamental  metal  work.  These  windows  will  be 
about  iiy2  feet  wide,  and  the  intervening  wall  space  about 
7  feet  wide,  giving  a  unit  for  the  installation  of  exhibits  of 
i8  feet  6  inches. 

The  third  story  will  be  12  feet  in  hight,  with  windows 
about  7  feet  high  by  5  feet  3  inches  wide,  furnishing 
ample  light  for  all  the  requirements  of  the  laboratories  and 
storerooms.  In  the  three  main  sections  of  the  building 
there  will  be  another  low  story  above  the  third  story  suit- 
able for  the  storage  of  dried  specimens. 

The  relatively  small  amount  appropriated  for  this  large 
building  has  demanded  simplicity  of  design  and  the  omission 
of  all  extravagant  decoration.  The  lines  and  proportions 
have  been  so  well  planned,  however,  that  the  structure  can- 
not fail  to  be  one  of  great  dignity  and  beauty  and  a  worthy 
addition  to  the  public  buildings  in  Washington.  The 
granite  will  be  laid  in  ashlar  courses,  but  the  entrances  will 
be  worked  up  with  a  certain  amount  of  elaborateness.  A 
metal  dome,  with  skylight,  will  cover  the  rotunda,  and  there 
will  also  be  skylights  along  the  main  roofs  for  lighting  the 
large  halls. 

The  rotunda  at  the  south,  or  main,  entrance  will  be 
about  one  hundred  and  sixteen  feet  square,  and  lighted  en- 
tirely from  above.  It  will  connect  directly  with  the  three 
great  halls,  which  are  to  be  similar  in  character  and  of  the 
same  Itiiglh  and  width,  about  209  by  116  feet,  all  provided 
with  j^allcrics  except  at  the  inner  ends  adjoining  the  rotun- 
da, 'i'lie  galleries  along  the  sides  will  be  32  feet  wide,  leav- 
in^^  intersi)aces  of  50  feet  width.  This  central  or  open 
part  of  each  main  hall  will  be  148  feet  long  and  reach  to 
ceilinj:^^  lights  under  the  skylights,  a  distance  of  60  feet. 
wliile  the  galleries  and  sides  of  the  first  storj'  will  receive 
their  light  from  the  large  windows  of  the  fronts  and  courts. 
The  galleries  of  the  second  and  third  floors  are  intended  to 
he  entirely  screened  off  from  the  central  halls  and  treated 
as  s|)ace  that  can  he  divided  to  suit  the  requirements.  The 
space  under  the  galleries  may  be  treated  in  the  same  way  or 
left  open,  as  circumstances  mav  dictate. 

The  remainder  of  the  building,  consisting  of  the  ranges 
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on  the  east,  west,  and  north,  will  be  55  feet  in  interior 
width  and  have  solid  floors,  one  above  the  othe,  the  light 
being  obtained  entirely  from  windows. 

The  main  and  second  floors  will,  as  before  stated,  be 
used  wholly  for  the  public  exhibition  collections,  while  the 
upper  floor  will  be  divided  into  laboratories  and  storage 
rooms  for  the  reserve  collections.  The  basement  will  have 
the  same  dimensions  as  the  first  floor,  but  under  the  main 
halls  it  will  require  to  be  lighted  artificially.  The  side  areas 
will  be  of  sufficient  width  for  teams,  which  may  enter  the 
building  at  both  ends  of  the  south  front.  One  of  the  south 
wings  of  the  basement  will  be  utilized  for  the  boilers,  power 
plant,  mechanical  workshops,  etc. ;  the  other,  as  well  as  the 
ranges,  probably  for  laboratories  and  for  the  storage  of 
such  specimens  as  can  best  be  accommodated  there,  though 
some  parts  of  the  ranges  may  be  -used  for  exhibition  pur- 
poses. 

The  northern  entrance  will  be  by  way  of  the  basement, 
into  a  large  vestibule  with  elevators  and  stairways.  There 
will  also  be  passageways  leading  in  all  three  directions,  the 
central  one  communicating  directly  with  a  small  lecture 
hall  occupying  the  center  of  the  middle  section  of  the  base- 
ment. On  each  side  of  this  hall  will  be  a  series  of  small 
rooms,  some  of  which  can  be  used  for  committee  meetings. 

The  net  floor  area  of  the  building  will  be  about  411,374 
square  feet,  or  about  9.44  acres,  subdivided  as  follows: 
Basement  and  main  floors,  each  about  116,732  square  feet; 
second  and  third  floors,  each  about  88,955  square  feet. 

The  building  thus  described  will,  as  shown  by  the  floor 

plan  (plate  xxviii),  be  occupied  by  the  three  departments  of 
anthropolog}'.  biolog>',  and  geolog}'.     As  the  space  occupied 

by  the  department  of  geology  in  the  present  building  falls 
a  little  short  of  20,000  square  feet,  it  will  be  seen  that  the 
new  structure  will  offer  ample  opportunity  for  expansion. 
A  few  words  may  be  added  relative  to  the  mate- 
rials from  which  the  building  is  to  be  constructed.  As  is 
well  known,  there  has  been  a  decided  preference  manifested 
of  late  by  architects  for  light-colored  material — a  prefer- 
ence which,  naturally,  could  be  fully  satisfied  only  by  the 
adoption  of  marble.     By  many,  however,    it    is    felt    that 


382  The  American  Geologist.  ^'^"•f  ^^ 


\ 


marble  is  too  delicate  a  material  for  the  exterior  of  st^ruc- 
tures  in  the  trying  climate  of  the  eastern  United  States. 

Fortunately  for  those  interested  in  the  new  Museum 
building,  there  has  been  developed  recently  a  quarry 
of  a  very  light  muscovite-bearing  granite  at  Bethel,  Ver- 
mont, and  it  is  to  contractors  controlling  this  quarry  that 
the  award  for  the  first  two  stories  above  the  basement  of 
the  new  structure  has  been  g^ven.  This  stone  when  in  the 
quarry  weathers  to  a  whiteness  almost  equal  to  that  of 
marble,  but  with  a  softer  and  more  mellow  tint,  and  has,  at 
the  same  time,  the  appearance  of  strength  and  massiveness 
of  granite. 

The  basement  story  of  the  building  is  to  be  constructed 
of  a  light-pink  granite  from  Milford,  Mass.,  and  the  upper 
portion  of  a  light-gray  stone  from  Mount  Airy,  North  Caro- 
lina. Q.  p.  IL 

Notes  on  Goldfield,   Nkvada. 

The  following  notes  are  based  upon  an  examination  of 
a  few  days,  only,  and  are  not  presented  as  in  any  way  an 
exhaustive  report  upon  the  district. 

The  Goldfield  district  is  situated  about  twenty-five  (25) 
miles  south  from  Tonopah,  near  the  boundary  line  between 
Nye  and  Esmeralda  counties,  Nevada. 

The  first  discoveries  of  gold  ore  were  made  in  the 
spring  of  1903.  The  first  rich  ope  was  taken  out  early  in 
1904;  and  during  that  year,  there  was  produced  high  grade 
ore  ($100.00  per  ton  or  more)  to  the  value  of  about  $2,200,- 
000  net  smelter  returns.  This  ore  was  taken  out  mostly  by 
leasers,  hauled  by  team  to  Tonopah  and  shipped  from  there 
over  a  narrow  gauge  railroad.  The  chief  producers  during 
1904  were 

The  Jumbo Production  about  $700,000.00 

The  Florence "  "         650,000.00 

The  Combination    . .  "  "         600,000.00 

The  January "  "         187,000.00 

These  properties  are  all  near  the  south  end  of  Columbia 
mountain.  Other  properties  in  the  district  have  produced 
very  rich  ore,  the  "Sandstorm"  for  example,  which  lies 
north  of  the  mountain,  and  from  which  a  shipment  of  about 
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fourteen  tons  produced  over  $45,000.00  net.  Rich  strikes 
have  been  made  at  other  points,  notably  at  the  "Quartzite," 
some  five  miles  southeast  of  Columbia  mountain,  and  at  the 
^'Simmerone"  which  lies  between  the  two.  No  such  regu- 
lar and  well  defined  ledges  of  ore  have  been  found  in  the 
outlying  portions  of  the  camp  as  upon  the  properties  near 
Columbia  mountain ;  but  the  development  work  has  not  yet 
been  prosecuted  to  the  same  depth. 

The  discoveries  thus  far  made  are  scattered  over  an 
area  some  five  or  six  miles  square.  This  area  was  formerly 
covered  by  lava,  the  erosion  of  which  has  laid  bare  the  rocks 
and  veins  and  has  formecl  a  plateau  or  mesa  which  bounds 
the  district  on  the  west.  The  siliceous  reefs  of  quartz  and 
rhyolyte  appear  in  irregular  ridges  of  no  great  hight,  mark- 
ing the  croppings  of  some  of  the  veins.  The  rocks  are  much 
iron-stained,  but  are  not  very  deeply  oxidized. 

Undecomposed  sulphide  minerals  can  be  seen  in  the  ore 
almost  upon  the  surface  upon  the  Jumbo,  January  and 
Florence.  The  ground  water  is  met  at  the  depth  of  about 
200  feet  from  surface  and  below  this  level  the  ore  is  base 
although  free  gold  is  abundant.  The  ground  is  "heavy"  be- 
low water  level,  and  will  require  timbering  and  filling  mak- 
ing the  mining  cost  heavy  in  that  desert  country.  Fuel 
also  is  expensive ;  and  pumping  and  hoisting  costs  will  be 
above  the  average. 

The  rocks  of  the  district  are  andesytes,  basalts  and 
rhyolytes  with  some  aplyte  and  silicified  limestone.  The 
andesyte  is  very  soft ;  and  shafts  are  easily  sunk  in  it.  The 
rhyolyte  is  much  harder,  and  usually  constitutes  the  ore. 
It  contains  much  chalcedonic  silica,  evi<lently  deposited  by 
hot  waters ;  but  not  much  normal  vein  quartz.  The  dikes  of 
rhyolyte  are  of  all  sizes  from  a  few  inches  to  forty  feet  in 
thickness :  and  have  irregular  strikes  and  dips  with  many 
branches  and  ramifications,  both  on  the  surface  and  in 
depth.  They  are  so  numerous  and  so  frequently  auriferous 
and  so  variable  in  position  that  there  will  certainly  arise  a 
great  many  conflicts  and  much  litigation  in  the  future. 
Several  instances  were  noticed  of  opportunities  for  such 
trouble  already  fully  developed. 

The  strike  of  the  auriferous  dikes  is  generally  northerly 
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and  southerly  and  there  is  a  tendency  toward  an  easterly 
dip  which  is  quite  variable.  At  times,  however,  the  strike 
is  curved  and  the  veins  are  almost  crescent-shaped.  At 
other  times,  the  deposits  appear  to  be  limited  in  depth  and 
confined  to  pockets  of  very  rich  ore  on  the  surface  of  the 
ground.  This  mode  of  occurrence  together  with  the  chal- 
cedonic  silica  and  the  very  fine  condition  of  the  gold  even 
in  the  bonanza  ore,  added  to  the  rotted  appearance  of  the 
rocks  all  indicate  deposition  by  hot  spring  action,  and  make 
it  certain  that  the  rich  'ore  bodies  are  irregular  in  shape  and 
extent  and  that  they  may  often  be  expected  to  occur  in 
chimneys  and  shoots  of  roughly  cylindrical  form,  rather 
than  in  well  defined  veins  continuously  and  uniformly  min- 
eralized. At  the  same  time,  there  are  abundant  evidences 
of  movement,  and  of  mineralization  along  fissures  and  dikes 
in  some  of  the  principal  mines  near  Columbia  mountain. 
Thus  in  the  Florence  there  are  stopes  some  200  feet  deep, 
200  feet  long,  and  from  six  to  fifteen  feet  between  walls 
which  are  marked  by  clay  selvage,  planes  of  movement. 
drag  pebbles  and  all  the  indications  of  strong  fissures. 
Similar  indications  of  extensive  shattering  are  seen  in  the 
January  and  Jumbo:  and  may  be  developed  in  depth  on 
other  properties  where  not  visible  in  the  surface  workings. 

The  oxidized  ore  at  Goldfield  is  valuable  solelv  for 
gold.  Silver  is  almost  wholly  absent,  as  are  lead  and  cop- 
l)tT.  Pyrite  particles  are  visible  in  the  harder  portions  of  the 
(|uariz.  P. clow  the  water  level  the  ore  contains  grB,y  cop- 
|)cr,  hismutliinitc  (bismuth  sulphide)  and  some  tellurides. 
Tin*  j^ray  copper  is  rich  in  gold.  One  assay  of  a  sample 
from  the  Florence  mine  at  the  depth  of  250  feet  gave  sev- 
enty ounces  of  gold  and  seven  ounces  of  silver.  The  ore 
from  this  level  of  the  Florence  all  carries  copper  and  will 
average  |)ossil)ly  two  per  cent,  while  the  first  class  ore  con- 
tains about  seven  per  cent.  The  bismuthinite  is  generally 
associated  with  rich  ore  in  which  the  native  gold  is  seen 
s])rinkled  all  through  the  rock  in  intimate  relation  with  the 
brilliant  needles  of  the  bismuth  mineral.  Free  gold  was 
not  noticed  in  the  gray  copper. 

'inhere  is  abundant  evidence  of  secondary  enrichment 
in  tiie  shape  of  films,  rich  deposits  in  cracks  and  crevices 
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and  in  the  spongy  nature  of  the  gold.  But  the  general 
structure  and  the  presence  of  very  rich  sulphide  ore  con- 
taining antimony,  arsenic,  tellurium  and  copper  are  all  indi- 
cative of  the  existence  of  rich  ore,  probably  in  very  irregular 
deposits,  but  that  may  be  followed  to  a  considerable  depth. 
In  other  words,  the  ore  is  not  all  superficial  and  secondary. 
There  will  certainly  be  found  ore  shoots  extending  down- 
ward for  many  hundred  feet. 

The  expense  of  prospecting  such  irregular  lodes  and 
the  cost  of  mining  and  treating  such  complex  ore  in  treach- 
erous ground  lead  to  the  conclusion  that  low  grade  ore 
will  never  have  a  value  in  Goldfield;  but  that  the  assay 
value  must  be  from  fifteen  to  twenty  dollars  per  ton  to 
furnish  any  profit. 

My  opinion  on  the  whole  is  very  favorable ;  and  I  look 
to  see  a  large  production  of  gold  for  many  years  to  come 
from  the  Goldfield  district.  h.  v.  w. 

Bu//^,  Montana,  May  15,  1905. 


REVffiW  OF  RECENT  GEOLOGICAL 

UTERATURE. 

Effect  of  Cliff  Erosion  on  form  of  Contact  Surfaces.  By  N.  M  Fbn- 
NEMAN  (Bulletin  Geol.  Soc.  Amer.,  vol.  16,  pp.  205-214.) 
This  is  a  suggestive  paper  in  a  somewhat  new  field  of  observa- 
tion and  theory.  The  problem  was  encountered  in  an  investigation 
by  Mr.  Fenneman,  of  the  contact  relations  of  the  Wyoming  Red 
beds  with  the  underlying  granite  of  the  Front  range  of  the  Rocky 
mountains.  The  field  of  study  was  the  southern  half  of  the  Boulder 
and   the  northern   part  of  the  Denver  quadrangles. 

In  this  area  the  sandstones  were  evidently  laid  down  on  a  sub- 
marine land  surface  of  considerable  relief,  but  the  details  of  the 
relief  were  quite  unlike  the  forms  produced  by  stream  erosion  and 
the  granite  at  the  contact  surface  is  as  free  from  the  products  of 
weathering  as  the  rock  many  feet  below  the  contact. 

Mr.  Fenneman  points  out  that  the  surface  of  contact  between 
unconformable  formations  will,  of  course,  have  some  dependence 
upon  the  topography  of  the  preexisting  land  surface.  The  surface 
of  contact  is  visible  only  in  section;  if  this  section  is  a  straight  line, 
the  surface  is  presumably  a  plane.  The  more  the  line  deviates  from 
straightness,  folding  aside,  the  more  rugged  is  the  topography 
which  may  be  inferred. 
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But  these  inferences  fail  to  take  into  consideration  the  im- 
portant change  in  topography  which  may  accompany  the  advance 
ot  the  sea. 

There  are  two  factors  which  will  control  the  surface  of  con- 
tact, namely:  (1)  subaerlal  erosion,  (2)  marine  erosion.  These 
factors  may  combine  in  any  proportion,  of  which  there  are  two 
hypothetical  extremes:  (1)  rapid  subsidence  and  minimum  wave- 
erosion  leaving  the  subaerial  topography  unaltered.  (2)  slow  sub- 
sidence and  the  complete  dominance  of  shore  erosion  destroying 
the  relief  of  the  submarine  land  surface. 

Neither  of  these  extremes  is  considered  by  Mr.  Fenneman.  Of 
al!  possible  relations  between  rate  of  subsidence  and  of  ware 
erosion  Mr.  Fenneman  discusses  three  hypothetical  cases. 

(1)  Cliff-recession  due  to  wave  erosion  more  rapid  than  shift- 
ing of  coast-line  due  to  submergences;  in  this  case  a  gentler  sea- 
ward inclination  than  that  of  the  slope  produced  by  subaerial 
erosion  would  result,  or  if  the  original  slope  is  broken  by  yalleyt 
and  ridges  the  latter  will  be  truncated.  Whether  this  truncation 
reaches  the  valley  bottoms  will  depend  upon  the  rate  of  subsidence. 
ClifiP  recession  will  take  place  against  accumulating  difficulties  doe 
to  increasing  hight  and  length  of  clift  and  absence  of  bays. 

Case  2.  ClifT  recession  progressively  retarded  until  its  rate 
equals  that  of  the  shifting  of  the  shoreline  due  to  submergence; 
In  this  case,  at  first  a  gentler  seaward  slope  than  that  produced 
l)y  subaerial  erosion  would  be  formed  as. in  case  1.  Then,  when 
the  rate  of  recession  equaled  that  of  shifting,  the  slope  of  marine 
denudation  would  be  equal  to  the  slope  of  subaerial  condition  and 
the  receding  clifiP  will  have  a  constant  hight.  This  hight  will  be 
such  as  to  allow  recession  at  the  same  rate  at  which  the  shoreline 
would   move  landward  by  submergence  alone. 

The  land  surface  will  thus  be  pared  down  uniformly.  The  de- 
uudation  may  or  may  not  cut  below  the  valleys  of  subaerial 
dosion.  If  it  doos  cut  below  the  valley  bottoms  the  entire  surface  of 
contact  will  be  fresh  rock.  If  the  paring  is  not  below  the  valley 
bottoms,  tho  weathered  rock  of  the  valley  bottoms  will  be  pre* 
s«  rvcd  on  the  lower  side  of  the  contact  surface,  while  the  rock 
surface  of  the  cut  planes  which  replace  the  ridges  will  be  fresh  and 
tho  sediments  laid  down  upon  it,  derived  from  cllft  cutting  and 
activt'  strrams  will  be  coarse  and  fresh. 

These  two  facts  distinguish  this  case  from  the  advance  of  the 
sea  without  cliff  cutting  over  a  peneplain  with  Ita  mantle-rock  of  fine 
material  and  its  deeply  weathered  underlying  rock. 

Mr.  Fenneman  applies  this  case  to  the  area  studied:  Tlie 
Archaean-Wyoming  contact  has,  he  states,  a  maximum  relief  of 
perhaps  500  feet.  Its  undulations  are  extremely  smooth,  no  slope 
being  less  than  3  miles  long  and  the  maximum  steepness  150  f^et 
to  the  mile.  These  slopes  are  unbroken  by  valleys,  and  the 
Archaean  rocks,  as  stated  earlier,  are  of  uniform  freshness.    These 
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facts  indicate  that  the  entire  surface  of  aubaerial  erosion  on  the 
Archaean  rocks  including  the  valley  bottoms  was  pared  by  the 
Wyoming  sea  at  least  to  a  depth  below  the  zone  of  weathering. 
This  denudation  erased  the  minor  features  of  relief  and  reduced 
the  major  features. 

The  contact  of  the  Archaean  granite  and  the  Wyoming  Red 
beds  illustrates  then  that  phase  of  case  2  in  which  marine  erosion 
has  cut  beneath  the  valley  bottoms  of  the  subsiding  surface  of  sub- 
aerial  erosion. 

Case  3.  Cliff  erosion  less  rapid  than  shore  line  shifting  by  sub- 
mergence. Hypothetically  the  surface  of  marine  denudation  would 
in  this  case  have  a  steeper  slope  than  that  of  subaerial  erosion. 
This  is  manifestly  impossible  unless  an  initial  cliff  is  assumed.  The 
case  then  becomes  a  later  stage  of  a  process  begun  under  the  con- 
ditions of  Case  1  or  Case  2.  Assuming  the  development  of  such 
cliffs  the  surface  of  marine  erosion  will  slope  seaward  intersecting 
first  the  deeper  and  then  the  shallower  valleys. 

The  principles  illustrated  by  these  three  cases  may  be  success- 
ively operative  In  controlling  the  contour  of  a  single  land  surface, 
that  is,  the  three  cases  given  above  represent  conditions  which 
obtain  at  different  stages  of  cliff  recession  and  shore  line  migration? 
If  low  initial  cliffs,  which  are  of  common  occurrence,  be  assumed, 
then  cliff  recession  will-  be  more  rapid  than  shifting  of  the  shore 
line  due  to  subsidence,  and  the  contour  will  be  controlled  by  marine 
erosion  (Case  1).  The  convex  curve  of  subaerial  erosion  will  be 
altered  to  a  curve  which  is  concave  upwards.  With  the  pro- 
gressive decrease  in  the  rate  of  cliff  cutting,  due  to  their  increasing 
hlght  there  will  arrive  a  stage  in  which  conditions  obtain  similar  to 
that  of  case  2,  i.  e.,  when  cliff  erosion  will  just  equal  the  shore- 
shifting  due  to  subsidence,  and  the  contour  curve  will  be  at  a  lower 
level  than  the  preexisting  contour  of  subaerial  erosion,  but  similar 
and  parallel  to  it.  Subsequently  cliff-recession  will  become  less 
rapid  than  shore-shifting  and  the  conditions  are  similar  to  those  of 
case  3.  The  curve  of  marine  erosion  becomes  curved  upward  and 
will  approach  but  never  quite  coincide  with  the  curve  of  subaerial 
erosion. 

If  the  subsiding  remnant  of  land  be  an  undissected  plain,  it 
will  be  reduced  by  cliff  cutting  at  an  increasingly  rapid  rate  as  the 
hlght  of  the  cliffs  grows  less.  If  the  subsiding  remnant  be  dis« 
sected  by  valleys,  islands  will  result  from  submergence,  which  will 
each  reproduce  the  story  of  the  entire  land-mass. 

If  instead  of  low  initial  cliffs,  well  developed  cliffs,  cut  while 
the  land  is  stationary,  be  assumed,  that  stage  of  the  process  rep- 
resented by  case  1  will  be  omitted,  otherwise  the  history  of  cliff- 
cutting  and  shore-shifting  will  remain  the  same  as  that  given 
at>ove. 

In  this  abstract  the  reviewer  has  followed  more  or  less  closely 
Mr.' Fenneman's  language,  which  is  extremely  concise  so  much  so 
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as  to  occasionally  lose  something  in  clearness.      Four     dia«imBS 
furnish  graphic  illustrations  of  the  principles  presented. 

The  discussion  has  an  immediate  bearing  upon  the  inferenees 
that  may  be  drawn  from  contact  surfaces,  of  the  character  of 
former  Uind  surfaces  and  ably  calls  attention  to  a  factor  whiek 
has  been  more  or  less  overlooked,  in  making  such  inferences.     P  B. 

Geologic  Map  of  the  Tally  Qaadrangie  [New  York\;  Bulletin  N.  T. 

State  Museum  82.  1905;   John  M.  Clarkb  and  D.  Dana  Luthbs. 

The  New  York  State  Museum  has  recently  published  two  bulle- 
tins containing  descriptions  of  the  formations  found  on  three  quad- 
rangles of  that  state  accompanied  by  geologic  maps.  Bulletin  81. 
in  which  the  formations  of  the  Watkins  and  Blmira  quadrangles  In 
southern  central  New  York  were  described  and  mapped,  was  re- 
viewed in  the  AMKRIOA.N  Qbolooist  last  November. 

The  Tully  quadrangle  is  located  in  central  New  York  dlreeUy 
south  of  the  Syracuse  quadrangle  in  the  third  district  of  the 
original  survey,  which  was  described  by  Vanuzem  in  his  final  re- 
port of  1842.  A  comparison  of  these  maps  with  the  state  one  of 
1842,  shows  at  a  glance  the  great  development  in  our  knowMfs 
of  the  geology  of  New  York  state  during  the  last  60  years.  Tbe 
quadrangle  is  easily  reached  from  Syracuse  and  on  this  acoouat 
it  will  be  of  special  interest  to  the  students  of  geology  in  that  dtj 
and  its  University. 

The  rocks  shown  upon  the  may  belong  to  the  Upper  Siluisn 
and  Devonian  systems  which  the  authors  have  represented  by  U 
divisions  and  grouped  them  as  follows: 


XtMxlovonlc   -J  Sen 


MHS()<h*v«:ni<.- 


ecan 


F:rlan 


Ulsterian 


{    Ithaca  sandstone  and  shale 
J  Sherburne  flags 
I  Genesee  shale 
I  Tully  limestone. 

(  Moscow  shale 

I  Ludlowville  shale 

J^  Skaneateles  shale  and  limestone 

I  Cardiff  shale 

\  Marcellus  shale. 


I 


Agroniatite  limestone 
Onondagra  limestone. 


D.I      1   ,.  .,1      \  <")rl8kiinii 

/  Helderh*? 


ian  Oriskany  sandstone 

>ersrian  Helderberir   limestone. 


Silurlc        I 

or      ; 

r)ntaric       I 


r  Manlius  limestone 
I  Rondout  waterllme 
Ciiyugran        {  Cobleskill  dolomyte 
I  Bertie  waterlime 
[  C^amillus  shale. 


In  the  description  of  the  units  of  sedlmentatloii  the  Iltholocic 
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characters  are  clearly  defined  and  lists  of  the  more  characteristic 
fossils  given. 

Probably  that  part  of  the  bulletin  which  will  prove  of  most  gen- 
eral interest  is  the  article  by  Dr.  John  M.  Clarke  on  the  "Ithaca 
fauna  of  central  New  York/'  In  the  following  quotation  Dr. 
Clarke  has  very  clearly  stated  the  relations  of  this  fauna  to  con- 
temporaneous faunas'  east  and  west,  the  misapprehension  that  ez- 
•isted  for  many  years  regarding  its  stratigraphic  position  and  its 
gradual  change  from  essentially  a  Hamilton  fauna  in  the  earlier 
deposits  of  the  Ithaca  formation  to  one  more  nearly  related  to  the 
Chemung  in  the  later  deposits  of  the  formation: 

"Portage  time  and  sedimentation  in  New  York  involved  very 
marked  geographic  distinctions;  at  the  east  was,  during  its  earliest 
stage,  a  marine  fauna  quickly  followed  by  a  lagoon  deposition 
known  as  the  Oneonta  sandstone.  Continuous  with  these  beds 
through  Chenango,  Cortland  and  Tompkins  counties  are  the  true 
Ithaca  beds  carrying  the  littoral  marine  fauna  here  set  forth;  these 
beds  being  interleaved  with  the  Oneonta  deposits  eastward  and 
the  true  Portage  or  Naples  bedsf  westward.  The  latter  contain  an 
invading  and  deeper  water  fauna  having  nothing  in  common  with 
that  of  the  Ithaca  beds.    ♦    ♦     ♦    ♦ 

Till  10  or  12  years  ago  a  singular  and  deplorable  misapprehen- 
sion of  the  significance  of  the  Ithaca  fauna  prevailed  and  was  in- 
advertently countenanced  in  some  of  the  volumes  of  the  Paleon- 
tology of  New  York,  Its  fossils,  lying  well  above  the  horizon  of 
the  Hamilton  shales  of  central  New  York  were  in  many  instances 
described  as  of  the  Hamilton  fauna,  and  it  is  to  the  work  of  Prof. 
C.  S.  Prosser  that  we  owe  the  first  rectification  of  these  errors  and 
the  return  to  Vanuxem's  original  conception  of  the  place  of  the 
Ithaca  fauna.     ♦     ♦     ♦     ♦ 

It  has  been  well  recognized  and  often  referred  to  in  the  pub- 
lished papers  of  professor  Prosser  and  the  writer  that  this  fauna 
is  at  first  a  repetitive  occurrence  of  the  Hamilton  fauna  beneath, 
shades  of  difference  in  the  species  above  and  below  the  horizon 
of  the  Tully  limestone  and  Qenesee  shale  and  Sherburne  sandstone 
being  at  first  absent  or  obscure,  but  becoming  more  pronounced 
upward  in  the  series  and  accompanied  by  the  introduction  of  species 
alien  to  the  fauna  below.  Broadly  it  may  be  said  that  the  fauna 
starting  at  the  base  of  the  Ithaca  sedimentation  is  essentially  Ham- 
ilton but  by  degrees,  by  the  addition  of  species  and  through  muta- 
tional and  profounder  variation  from  the  ancestral  species,  puts  on 
a  different  aspect  and  gradually  assumes  that  of  the  higher  or  Che- 
mung fauna." 

At  the  close  of  this  article  is  given  a  "list  of  localities  of  Ithaca 
fossils"  from  Cortland,  Chenango,  Broome  and  Otsego  counties,  to- 
gether with  a  list  of  the  species  found  at  the  various  localities. 

The  geologic  maps  of  the  several  quadrangles  so  far  published 
by  the  New  York  State  Museum  are  models  of  cartographical  skill 
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probaly,  as  yet.  unexcelled.  The  field  work  for  the  Tully  quadrangle 
and  others  in  central  and  western  New  York  has  been  done  or 
directed  by  Mr.  Luther.  This  work  merits  the  praise  which  it  has 
received  from  the  state  geologist  who  says  that  Mr.  Luther's  "skill 
in  the  careful  stratigraphic  determination  of  the  older  rocks  in  New 
York  Is  in  my  judgment  not  to  be  surpassed."  c.  s.     . 

Oklahoma    Geological  Snrvejr    (Dept    GeoL   and  Nat.   Hist.),    3d  Br' 

ennial  Report,  A.   H.   Van  Vleet.  Territorial  Geologist.  Guthrie. 

1904,  pp.  49. 

The  third  biennial  report  of  the  territorial  geologist  of  Okla- 
homa contains  five  papers  concerning  Oklahoma  geology:  Prelim- 
inary report  on  the  contact  of  the  Permian  and  Pennsylvanian  in 
Oklahoma,  by  C.  T.  Kirk;  Geology  of  the  Wichita  mountains  of 
Oklahoma,  by  C.  N.  Gould;  Present  status  of  the  mining  industries 
of  Oklahoma,  by  E.  G.  Woodruff;  Report  of  mineral  deposits  in  the 
Wichita  mountains  (a  list  of  localities  from  which  samples  hare 
been  collected),  by  Edwin  DeBarr;  A  preliminary  report  on  the 
building  stone  of  Oklahoma,  by  Eck  Frank  Schramm. 

Mr  Kirk's  paper,  though  a  ''preliminary"  one,  is  of  more  than 
passing  importance  to  stratigraphic  geologists.  Here  we  hare 
a  description  of  the  passing  of  the  lowest  Permian  limestone,  the 
Wreford  limestone,  or  its  equivalent,  nearly  across  Oklahoma. 
Gould  has  noted  the  southern  ending  of  the  Marion  and  Wellington 
formations  in  northern  Oklahoma  where  the  limestones  seem  to 
disappear  and  merge  into  "Red-beds."*  Kirk  describes  the  Wre- 
ford limestone  of  Kansas  as  being  replaced  by  two  coalescing  layen 
of  sandstone,  which  he  calls  the  Payne,  and  traces  the  sandstone  tf 
far  south  as  Norman,  Oklahoma. 

On  jage  9  in  his  paper  occurs  a  section  in  which  the  sandstone 
representing  the  Pawhuska  limestone  of  Adams,  (correlation  prob- 
ably taken  from  Bulletin  211  of  the  U.  S.  Survey)  and  the  Payne 
sandstone  occur  in  a  29  foot  section  of  sandstones.  In  Kansas  these 
formations  are  separated  by  about  700  feet  of  limestone  and  shales. 
Of  this  amount  nearly  100  feet,  including  the  limiting  layers,  is  of 
limestone.  Ht»re  in  the  Cimarron  valley  this  section  is  represented 
by  three  layers  of  sandstone,  two,  six  and  eight  feet  thick  respec- 
tively, and  one  of  fifteen  feet.  These  figures  when  taken  in  con- 
nection with  Adams'  statements,  published  in  various  places,  that 
there  is  no  unconformity  gives  a  peculiar  result.  Wliile  this  ir 
not  at  all  impossible  when  the  geology  of  the  surrounding  region 
is  considered,  yet  it  opens  up  some  very  important  points  both 
p.'ileontologic  and  stratigraphic.  particularly  so,  when  it  is  remem- 
bered that  these  sandstones  are  supposed  to  be  typical  "Red-beds^ 
and  are  an  "encroachment  to  the  eastward  of  the  line  of  red  colo^ 
ation"  without  imconformity.     However,  Kirk  suggests  that  "When 

•  Tran«.  Kaiis.  Acjul.  Sci.  xvJi,  pp.  179-181. 
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a  general  survey  of  this  region  is  made  the  formation  below  and 
above  may  be  correlated  and  defined  accurately  as  to  local  dips, 
'pinc^ings  out'  and  other  evidences  of  small  unconformities." 

The  remaining  papers  deal  briefly  with  the  geologic  and  eco- 
nomic resources  of  the  territory  as  represented  by  their  titles. 

Some  Crystalline  Rocks  of   the  San  Gabriel  Mountains,    California. 

By  Ralph  Arnold  and  A.  M.  Stbong.     (Bull,  of  the  Geol.  Soc. 

of  America,  vol.  16,  pp.  183-204,  April  13,  1905.) 

This  paper,  by  two  students  of  the  Leland  Stanford  Jr.  Univer- 
sity, owes  its  interest  in  part  to  the  location  of  the  field  of  investi- 
gation. This  is  in  a  region  of  magnificent  scenery,  accessible  from 
Ijos  Angeles  and  Pasadena,  well  known  to  tourists  and  but  scantily 
investigated  by  geologists.  It  offers  to  petrographers  a  new  and 
rich  field  of  investigation.  The  results  of  preliminary  petrographic 
study  are  presented  in  this  paper. 

The  San  Gabriel  mountains  comprising  an  area  of  approxi- 
mately 1,200  square  miles  and  located  in  southwestern  California, 
extend  60  miles  southeast  from  the  Junction  of  the  Sierra  Nevada 
and  the  Coast  range.  The  range  is  dissected  by  streams  flowing 
east  and  west  and  is  divided  by  the  San  Qabriel  river  into  a  south- 
em  portion  with  steep  slopes  and  a  northern  range  with  more  gentle 
slopes  which  grade  into  the  Mojave  desert. 

The  geologic  investigation  of  this  region  was  made  without  topo- 
graphic maps  and  the  rocks  described  were  collected  on  reconnais- 
sance trips. 

A  brief  review  of  the  previous  literature  on  the  region  is 
given  showing  that  there  has  been  considerable  divergence  of  opin- 
ion as  to  the  age  of  the  range.  It  has  been  called  Primitive, 
post-Jurassic  and  post-CrQtaceous.  The  presence  of  tilted  lower 
Eocene  sandstone  and  shale  on  the  northern  flanks  of  the  range 
has  led  the  writers  to  place  the  greater  part  of  the  elevation  in 
late  Eocene  or  Oligocene  time. 

The  petrography  of  the  rocks  of  the' San  Gabriel  mountains  is 
given  in  some  detail.  The  rocks  are  both  igneous  and  metamorphic 
and  comprise  biotite-granite,  quartz-monzanyte,  grano-dioryte.  horn- 
blendyte,  aplyte,  micro-pegmatyte,  quartz-homblend-porphyryte,  dia- 
base-porphyry, homblende-diorjrte-gneisses,  biotite-granite-gneisses, 
hornblende-schists  and  gametiferous-schists.  Analyses  are  given 
of  the  grano-dioryte  which  is  the  most  abundant  rock  type  of  this 
region  as  well  as  of  the  Sierra  Nevada  of  California.  The  term 
grano-dioryte  is  used  as  defined  by  Lindgren:  a  rock  in  which  lime- 
soda  feldspars  predominate  and  which  consists  of  quartz,  oligoclase 
or  andesine  or  both,  or  orthoclase,  hornblende  and  biotite.  with  ac- 
cessory titanite,  zircon  magnetite  and  apatite.  Calculating  the 
norm  from  analyses  of  the  grano-diorytes,  the  reviewer  finds  the 
rock  to  be  a  biotitic-homblende  grano-aderose  that  is  the  rock  is 
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dosalic.  perpellc,  domalkalic  and  dosodic,  differing  in  order,  range 
and  subrange  from  Lindgren's  grano-dioryte.  A  comparison  of  the 
grano-diorytes  of  the  two  ranges  shows  them  to  be  very  similar. 
There  is  a  central  mass  of  coarse  grained  acid  rocks  bordered  on 
the  south  by  finer  grained  grano-diorytes,  gneisses  and  quartz-mon- 
zanyte.  Hornblende  dykes  are  not  numerous  but  alpytes  cut  the 
rocks  of  the  entire  region.  The  metamorphic  rocks  are  abundant 
in  the  southern  part  of  the  range.  A.  J. 

Maryland  (ieological  Survey;     Miocene.     William    B.    Clark,  State 

Geologist.    Text,  pages  civ,  543.  with  nine  plates;  and  volume 

of  plates,  x-cxxxv.  1904. 

These  two  sumptuous  volumes  give  us  the  most  complete  ac- 
count in  existence  of  the  Miocene  deposits  and  fossils  of  Maryland. 
The  introduction  and  account  of  the  general  stratigraphic  relations 
was  written  by  the  State  Geologist,  Dr.  Wm.  B.  Clark.  The  account 
of  the  geological  and  paleontological  relations,  with  a  review  of 
earlier  investigations,  is  contributed  by  Dr.  George  B.  Shattuck 
who  has  devoted  much  time  to  the  field  study  of  its  stratigraphy. 
His  comparative  taxonomic  table  shows  at  a  glance  the  evolution 
of  the  classification  and  correlation  of  the  Maryland  Miocene  from 
the  alluvial  (in  part)  of  Maclure  in  1809  to  that  of  Shattuck  in  1902. 
who  divides  the  Maryland  Miocene  into  three  formations,  which  in 
ascending  order  are  the  Calvert.  Choptauk  and  St.  Mary's.  As  a 
result  of  the  careful  study  of  the  fossils  the  three  formations  have 
been  divided  into  24  zones.  This  part  of  the  work  closes  with  a 
series  of  sections,  mainly  along  Chesapeake  bay.  and  an  extensive 
table  giving  the  geological  range  and  geographical  distribution  of 
all  the  species  listed. 

The  relations  of  the  Maryland  Miocene  to  that  of  other  regions 
and  to  the  recent  fauna  are  discussed  by  Dr.  W.  H.  Dall.  The  State 
Geologist  reports  that  "This  chapter  is  by  far  the  most  important 
contribution  to  the  interpretation  of  the  Maryland  Miocene  deposits 
which  has  been  hitherto  made  and  shows  in  a  highly  philosophical 
manner  rhe  relationship  of  the  Maryland  Miocene  fauna'  to  that  of 
other  regions  and  to  the  recent  fauna."  Dr.  Dall  concludes  that 
"In  a  general  way.  allowing  for  local  peculiarities,  the  Miocene 
fauna  of  North  Grrniany  compares  well  and  agrees  closely  with  that 
of  Maryland,  while  the  .Mediterranean  Miocene  finds  a  closer  ana- 
logue in  the  more  tropical  fauna  of  the  Duplin  beds  of  the  Caro- 
linas."  This  chapter  closes  with  a  list  of  the  characteristic  species 
of  thi>  North  American  Miocene.  In  explanation  of  this  list  Dr.  Dall 
stares  rhat  "By  characteristic  are  meant  the  species  which  occur 
only  in  the  .Miocene,  and  occur  in  it  from  top  to  bottom.  •  ♦  • 
It  is  not  meant  that  they  occur  at  every  horizon  or  zone,  but  that 
they  have  existed  throughout  the  Miocene  somewhere,  and  disap- 
pear with  the  inauguration  of  the  Pliocene." 

The  Systematic  Paleontology  has  been  prepared  br  different 
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authors  and  many  of  them  are  recognized  authorities  in  the  sub- 
jects which  they  have  discussed.  The  total  number  of  fossil  species 
described  is  stated  to  be  652.  The  mammals,  birds  and  reptiles 
are  described  by  Case  of  Milwaukee;  the  fishes  by  Eiastman  of  Cam- 
bridge: the  ostracods,  bryozoans  and  hydrozoans  by  Ulrich  and 
Bassler  of  Washington;  the  corals  by  Vaughan  of  Washington;  the 
foraminifers  by  Bagg  of  Springfield;  and  the  plants  by  Hollick  of 
New  York  and  Boyer  of  Philadelphia.  The  remaining  chapters 
were  prepared  by  members  of  the  Maryland  Survey,  the  lamelll- 
branchs  by  Glenn,  now  of  Nashville;  the  other  molluscs,  the  brach- 
iopods.  the  worms,  the  radiolarians,  and  most  of  the  crustaceans,  by 
Martin,  now  of  Washington,  and  the  echinoderms  by  Clark.  The 
report  is  illustrated  by  a  map  showing  the  distribution  of  the  Mio- 
cene deposits  in  Maryland,  a  chart  of  columnar  sections,  seven 
plates  giving  excellent  views  of  Miocene  sections  and  126  plates 
of  fossils.  The  beautiful  and  accurate  drawings  of  the  fossils  are 
largely  the  work  of  the  late  Dr.  J.  C.  McConnell,  whose  early  death 
is  a  severe  loss  to  American  paleontology. 

Finally,  it  is  worthy  of  note  that  in  this  age  of  commercialism 
the  Maryland  Geological  Survey,  like  that  of  New  York,  still 
stands  for  scientific  scholarship  and  the  real  advancement  of  the 
science.  Its  volumes,  written  or  edited  in  the  halls  of  Johns  Hop- 
kins university,  bring  to  the  reader  the  spirit  of  research  which 
pervades  that  institution,  and,  .like  it,  stand  for  what  is  best  in 
scientific  scholarship.  In  closing  I  desire  to  quote  and  endorse 
the  last  paragraph  of  professor  Schuchert's  review  of  this  work. 
He  says:  ''These  volumes  should  be  in  the  hands  not  only  of  strati- 
graphers  and  paleontologists,  but  of  all  teachers  of  historical  geol- 
ogy' as  well,  for  here  is  given  not  only  a  detailed  description  of  the 
Maryland  Miocene  stratigraphy  and  its  preserved  organic  remains, 
but  also  the  relationship  of  these  faunas  to  those  of  other  areas 
of  North  America  and  of  Europe.  The  State  of  Maryland  is  to  be 
congratulated  on  its  able  and  active  survey  staff,  under  the  efficient 
leadership  of  Professor  W.  B.  Clark.  Among  state  surveys  it 
stands  second,  ranking  next  to  that  of  the  rich  state  of  New 
York."*  c.  8.  p. 

The  Origin  of  Certain  Place  Names  in  the  United  States  {Second 
Edition).  By  Hbnry  Gannbtt.  XJ.  S.  Geol.  Survey,  Bulletin  No. 
258.     Pages  334.    Washington,  1905. 

This  edition  has  54  pages  more  than  the  first  edition,  which 
was  published  three  years  ago.  Much  local  history,  from  the 
aborigines  and  the  pioneer  white  settlers,  is  contained  in  our  geo- 
graphic names;  and  the  list  might  be  greatly  increased,  so  that 
these  names  and  their  derivations  and  meaning  for  any  one  of  the 
large  and  old  states  would  fill  a  large  volume.  w.  v. 

*  Am.  Jour.  Science.  4th  Ser..  vol.  xfz.  March.  1906,  p.  269. 
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The  Second  Bienmul  Report  of  the  Director  of  the  Agricnltaral  Col- 
lege Survey  of  North  Dakota.  Daniel  E.  Williard.  Director. 
Pages  xii,  187;  with  36  plates  (maps,  sections,  and  views  from 
photographs).    Bismarclc,  N.  D.,  1904. 

In  connection  with  a  large  amount  of  topographic  and  geologic 
work  in  this  state  hy  the  U.  S.  Geological  Survey,  an  important 
examination  of  its  soils  and  agricultural  capabilities  is  being  car 
ried  forward  by  the  State  Agricultural  College,'  as  here  reported. 
Professor  Willard  acknowledges  great  indebtedness  to  his  prede- 
cessor, the  late  Prof.  Charles  M.  Hall,  of  whom  a  brief  biographic 
sketch  is  reprinted  from  the  Ambricvn  Gbologist  of  April,  IfOi. 
Two  posthumous  papers  by  Prof.  Hall  treat  of  the  hiBtor>'  of  Lake 
Agassiz  and  the  drainage  of  the  southeast  part  of  the  state;  and 
several  papers,  mostly  on  soil  surveys  and  water  supply  by  artesian 
and  common  wells,  are  presented  by  Prof.  Willard  and  his  assist- 
ants. 

North  Dakota  has  great  diversity  of  soils,  from  the  very  fertile 
Red  river  valley  plain,  the  bed  of  the  glacial  Lake  Agassiz,  to  the 
boulder-strewn  knolls  and  hills  of  the  Coteau  du  Missouri,  and  the 
Bad  Lands  of  the  Little  Missouri  river,  the  last  being  unsurpassed 
in  'irregularity  and  picturesqueness  of  contour.  w.  r 

Ciisselton- Fargo  Folio,  North  Dakota  and  Minnesota,  No.  117,  Geo- 
logic  Atlas    of  the    United  States,    By    Charles    M.     Hall    and 

Daniel  E.  Williard.  Pages  6.  with  6  map  sheets.     Washington. 

1905. 

About  a  quarter  part  of  the  tract  here  mapped  and  described 
is  in  Minnesota,  wholly  in  the  area  of  Lake  Agassiz;  and  the  part 
in  North  Dakota  extends  northwest  a  few  miles  beyond  this  lacof- 
trine  area.  The  lake  beds  and  glacial  drift  are  underlain  by  Cre- 
taoeoiis  strata,  which  yield  slightly  saline  and  alkaline  artesiao 
water,  and  these  rest  on  granite,  as  shown  by  sections  of  very 
deep  wells;  but  the  bed  rocks  older  than  the  drift  have  no  outcrop 
in  this  district.  w,  U. 
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CORRESPONDENCE. 


American  Association  for  the  Advancbmbnt  of  Science,  Summer 
Meeting  of  Section  H. — Section  E  of  the  American  Association  for 
the  Advancement  of  Science  will  hold  a  summer  meeting  at  Syra- 
cuse, New  York,  July  19,  20,  21,  22.  Arrangements  have  been  made 
for  making  the  meeting  enjoyable  and  profitable  to  all  members  of 
the  Section.  The  vicinity  of  Syracuse  is  one  x>f  great  interest  in 
several  branches  of  geolog>' :  the  fossiliferous  rocks  of  the  New  Tork 
series  are  well  exposed  in  many  ravines;  the  surface  shows  most 
of  the  phenomena  of  chief  interest  in  Glacial  geology;  the  pre- 
Glacial  and  the  modem  topography  have  been  worked  out  by  spec- 
ialists, and  the  economic  geology  of  the  district  is  important.  The 
chief  study  in  the  field  during  the  meeting  will  be  the  gorges  and 
lakes  of  the  Glacial  drainage,  which  are  the  most  novel  feature  of 
the  district. 

In  making  its  plans  for  the  meeting  the  sectional  committee 
had  accepted  the  cordial  invitation  of  the  committee  having  in 
charge  the  joint  summer  courses  in  geology  for  several  eastern 
universities  and  colleges  to  hold  a  meeting  in  conjunction  with  the 
summer  school.  The  following  programme  may  now  be  provision- 
ally announced: 

Wednesday,  July  19,  8.00  P.  M. — The  Section  will  meet  inform- 
ally for  the  purpose  of  organization  and  of  listening  to  short  ad- 
drosses  by  the  officers  of  the  Section,  the  state  geologist  and  others. 
Professor  T.  C.  Hopkins,  of  Syracuse  University,  will  discuss  the 
local  geology. 

Thnrsdny.  July  1^0.  — Field  day  with  picnic  lunch.  The  Section 
will  visit  the  Jamosville  lakes,  the  "fossil  cataracts"  and  the  several 
Glacial  stream  channels  in  the  vicinity  of  Jamesville  and  part  of 
the  slioi'c  line  of  lake  Iroquois  in  Onondaga  valley.  Field  addresses 
will  !)♦'  given  by  professor  H.  L.  Fairchild  on  "The  Local  Glacial 
Featuns"  and  by  professor  John  M.  Clarke  on  "The  New  York 
Series,  with  a  special  reference  to  the  Paleontology  and  Strati- 
graphy of  the  Syracuse  district." 

s:<M>  p.  M. — Popular  illustrated  lecture  by  professor  H.  L.  Fai^ 
child  on  "Glaciation  In  North  America,  with  Particular  Reference 
to  the  Effects  of  the  Ice  Sheet  in  Central  New  York. 

I«:no  p.  M. — Social  meeting  in  the  rooms  of  the  University  Club. 

Friday,  July  1^2.— Field  day  with  picnic  lunch.  The  party  will 
go  by  trolley  to  Fayetteville  and  thence  on  foot  to  the  Glacial  chan- 
nels and  lakes  south  and  west  of  Fayetteville.  Field  addresses  by 
Mr.  Frank  B.  Taylor.  "The  Great  I^kes  in  Their  Relation  to  Local 
Geology."  and  by  others. 

8:00  P.  M. — Business  meeting  of  the  Section  for  the  reading 
and  discussion  of  papers. 

Saturday,  July  liii. — To  Fayetteville  by  trolley  or  by  boat  on 
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the  Erie  canal.  Visit  the  Fayetteville  channel,  Round  and  White 
lakes,  the  Mycena  and  adjacent  channel  northeast  of  Fayetteville, 
Salina  shales,  Manlius  limestone,  Helderherg  limestone,  Oriskany 
sandstone  and  Onondaga  limestone  outcrops.  Field  address  by 
professor  A.  W.  Graban  on  "The  Physical  Characters  and  History 
of  Some  New  York  Formations." 

Free  discassioas  oi  all  papers  will  be  invited.  Further  partic- 
ulars regarding  the  meeting  may  be  obtained  by  addressing  pro- 
fessor T.  C.  Hopkins,  University,  Syracuse,  New  York,  or  the  un- 
dersigned. 

Edmund  Otis  Hovey, 

Secretary  Section  E, 

Am,  Assoc.  Adv.  Sci. 
American  Museum  of  Natural  History ^ 

New  York,  May  23,  1905. 


PERSONAL  AND  SCffiNTIFIC  NEWS. 


At  Williams  College,  Mr.  Hirdman  L.  Clelland  has 
been  appointed  professor  of  geology. 

Prof.  A.  P.  Brigham  of  Colgate  Univkksity,  Hamil- 
ton, N.  Y.,  expects  to  spend  the  summer  in  Europe,  sailing 
June  14.  His  address  will  be:  Care  of  Bowen,  Shipley  & 
Co.,  123  Pall  Mall,  s.  w.,  London. 

Dk.  E.  W.  IIilgard,  of  the  University  of  California  has 
been  given  leave  of  absence  for  one  year,  and  then  will  re- 
turn on  two-thirds  pay  at  73  years  of  age.  He  is  engaged 
on  a  work  in  agriculture,  soils,  etc. 

Geological  80CIKTY  OF  Washington — At  the  meeting  of 
May  10  the  following  named  papers  were  read,  viz.:  Coal 
testing  work  at  St.  Louis,  E.  IV  Parker;  The  Ocoee,  C  IV, 
Hayis  and  DavU  White;  Fresh  water  marl  of  Alaska,  IV. 
H  Dall. 

Dr.  U.  S.  Ctran't,  will  spend  the  summer  in  Alaska,  in  the 
employ  of  the  United  States  Geological  Survey,  in  one  of 
the  parties  under  the  general  charge  of  Dr.  A.  H.  Brooks, 
leaving  Evanston  about  June  i.  His  headquarters  and  post- 
office  address  will  be  Valdez,  and  his  work  will  be  in  and 
about  the  copper  mines  of  the  region  of  Prince  Williams 
sound. 

William  B.  Barber,  a  young  geologist  and  engineer  of 
great  promise,  died  at  his  native  place,  Alameda,  California, 
of  typhoid  fever,  May  4,  1905.  He  was  a  graduate  of  Stan- 
ford University.  1902.  A  v/ell  considered  and  able  paper  of 
his  appeared  in  the  Amkriovn  (geologist  a  year  ago  (vol.  t^^, 
P-  335)  ^"  *^^  "Lamprophyres     and     associated     igneous 
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rocks  of  the  Rossland  mining  district,  British  Columbia/* 
and  another,  in  which  E.  H.  Nutter  was  joint  author,  ap- 
peared in  the  Journal  of  Geology  the  same  year  (vol.  lo,  p. 
738)  entitled  "On  some  glaucoph?.nt*  and  associated  schists 
in  the  Coast  ranges  of  California." 

The  35TH  Annual  Meeting  of  the  American  Institute  of 
Mining  Engineers  was  held  in  Washington,  May  2d  to  5th, 
inclusive,  with  125  registered  members  in  attendance.  The 
list  of  papers  to  be  presented  included  52  titles.  Of  papers 
actually  read,  those  of  Mr.  A.  C.  Spencer  on  Magmatic  Vein 
Waters  in  Alaska,  and  professor  J.  F.  Kemp  on  the  Copper 
Deposits  of  San  Jose,  Tamaulipas,  Mexico,  were  of  greatest 
geological  interest,  though  several  very  promising  numbers 
were  omitted  through  lack  of  time. 

Excursions  were  given  down  the  Potomac  to  the  gun- 
testing  grounds  at  Indian  Head,  followed  by  a  planked-shad 
dinner  at  Marshall  Hall,  and  to  the  gold  mines  on  the  Poto- 
mac above  Washington. 

The  Fnivkksitv  ok  Tkxas  Minkkal  Survey  is  tempora- 
rily suspended,  owing  to  the  withdrawal  of  its  support  by 
the  late  legislature  of  the  state.     The  office  is  closed  and 
c^.II  work  abruptly  brought  to  an  end.     Two  excellent  re- 
ports are  left  unpublished,  though  partly  printed,  one  of 
tliem  accompanied  by  a  detailed  map  of  a  portion  of  west 
Texas,  bordering  on  the  east  side  of  the  Rio  Grande  del 
Norte,  including  portions  of  Brewster,  Presidio,  Jeff.  Davis 
and  r^l  Paso  counties.     This  map  must  have  cost  the  state 
considerable  iiioncv,  and  the  three  geologists  who  executed 
the  ficldwork  (W.'R.  Phillips.  B.  F!  Hill  and  J.  A.  Udden) 
a  h\v<^{.^  amount  of  hard  work.     Its  legend  shows  not  only 
the  formations:   Post-Cretaceous,   Late  Upper  Cretaceous. 
I'ppcr   Cretaceous,    Lower   Cretaceous,  Jurassic,    Carboni- 
ferous   and   Older    Paleozoic,   and   Pre-Carboniferous,   but 
also  ii^neous  dikes  and  sills,  localities  of  quicksilver.  Coal. 
Silver   and   lead,   Intrusives,   lavas  and   tuffs,   (iranite  and 
syenyte,  and  Dioryte. 

This  default  by  the  legislature  entails  a  serious  loss 
u])on  the  state  and  an  injustice  upon  the  geologists  who 
(lid  llu"  work.  We  know  nothing  of  the  causes  that  pro- 
duced this  unfortunate  result,  but  we  are  reminded  that 
republics  are  sonietitiies  suicidal  as  well  as  imgrateful. 
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CLARENCE  LUTHER  HERRICK. 

By  W.  G.  Tmbt.  Albuquerque,  New  Mex. 
PORTRAIT,  PLATE  I. 

Wfien  a  great  and  good  man  is  taken  from  the  midst 
of  his  life  work  and  those  whom  he  has  served  are  called 
upon  to  realize  their  loss,  there  is  ever  a  desire  to  perpetuate 
his  memory  and  to  preserve  such  knowledge  concerning 
him  as  will  be  of  further  service  to  humanity.  In  preparing 
a  fit  memorial  to  Dr.  Herrick  the  writer  realizes  his  own 
inability  to  do  justice  to  the  man  and  his  work.  Perhaps 
no  other  outside  of  his  immediate  family  was  better  ac- 
quainted with  him  than  myself.  Ha,ving  lived  with  him  in 
the  home,  in  the  camp,  in  the  school  room  and  laboratory 
and  being  in  almost  constant  correspondence  with  him  for 
a  long  term  of  years  when  circumstances  separated  us.  his 
death  is  a  very  deep  personal  loss.  Dr.  Herrick  has  many 
pupils  scattered  over  the  world  who  feel  that  they  owe  much 
to  him  and  in  whom  he  took  a  very  deep  interest  and  pride. 
Of  this  large  number  there  were  two  boys  who  were  a  little 
nearer  to  Dr.  Herrick's  heart  than  anv  of  the  others.  Xot 
because  they  were  any  better  or  brighter  but  because  of 
the  circumstances  connected  with  their  coming  together. 
These  two  were  Herbert  L.  Jones  and  myself.  When  Dr. 
Herrick  went  to  Denison  university  in  i88j  arfd  started  his 
career  as  a  teacher  he  was  a  comparatively  young  man,  be- 
ing only  twenty-seven  years  old,  but  his  characteristic  earn- 
estness and  enthusiasm  were  so  manifest  that  he  attracted 
to  himself  out  of  a  graduating  class  of  thirteen  these  two 
boys  and  through  his  influence  both  remained  at  Denison 
for  a  year  of  post-graduate  work.  We  were  the  first  resident 
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post-graduate  students  Denison  ever  had.  Prof.  Jones  de- 
voted his  Hfe  to  the  study  of  Botany,  contributing  several 
important  articles  to  science.  He  taught  science  in  the  pre- 
paratory dcjKirtnient  of  his  Alma  Mater  for  several  years, 
was  assistant  botanist  at  Harvard  for  a  time,  resigning  to 
accept  the  professorship  of  Botany  at  Oberlin  college, 
where  he  served  but  onq  year,  when  called  from  his  labors 
l)y  Death,  at  the  very  opening  of  his  career.  It  was  because 
we  two  boys  w-ere  first  on  his  long  list  of  devoted  pupils 
that  we  were  held  with  special  regard  by  him.  Yet  in 
spite  of  the  intimacy  of  my  relations  with  him  through  all 
tliese  years  that  have  intervened  it  is  with  misgiving  that 
I  undertake  the  sad  task  of  presenting  this  tribute  to  his 
life  and  character. 

Tn  order  that  mv  views  mav  not  be  colored  too  much 
by  my  own  i)ersonal  feeling  and  sense  of  personal  apprecia- 
tion it  is  my  purpose  to  express  myself  largely  through  the 
words  of  others  and  to  present  such  views  as  have  been 
jT^iven  l)y  them  as  will  in  my  judgment  bring  out  the  salient 
features  (^f  Dr.  Merrick's  life  and  w'ork.  In  a  letter  written 
to  Rev.  1.  L.  Cheney.  Cleveland.  r)hio,  Sept.  27,  1904.  his 
brntluT  C\  J.  1  lerrick  says  :  **His  was  a  life  very  difficult  for 
any  <>ne  person  to  estimate,  for  his  work  was  in  so  diverse 
lields  that  tew  men  liave  even  a  speaking  acquaintance  with 
all  of  ilu-m.  His  life  may  be  roughly  divided  into  four 
periods.  \'ery  early  in  his  career  he  seems  to  have  laid  out 
at  least  in  a  roiii^h  way  a  rather  ambitious  plan  of  action 
incliKlini,^  for  the  tirst  part  of  his  life  miscellaneous  research 
and  stiidv  in  tlie  hmad  f{.'\i\  of  general  natural  history — a 
jL^eneral  hmad  fMiindation.  Then  was  to  follow  a  period  of 
intensr  s])ecialization  in  the  circumscribed  field  of  zoological 
W(>r^  leadini:  uj)  to  a  mastery  of  anatomy,  and  physioloijical 
and  comparative  ])sycliology  on  the  basis  of  the  mechanism 
(►f  the  nor\nns  system  and  to  the  philosophical  correlation. 
So  far  as  1  am  aware  my  brother  never  annoimced  this  or 
any  otlu-r  program,  and  I  doubt  if  such  a  thing  was  ever 
(hfinitelv  formulated  even  in  his  own  mind:  vet  from  some 
r»f  liis  conversation^  which  T  remember  years  ago  T  believe 
tliat  some  such  plan  was  in  his  nn'nd.  While  the  four  peri- 
<mIs  refi-rred  to  above  were  marked  bv  extraneous  events. 
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apparently  artificial  or  arbitrary,  yet  I  think  it  may  be  said 
that  the  ideal  scheme  was  in  the  end  fairly  achieved,  though 
with  great  deviation  in  the  details  of  the  working." 

FIRST  PERIOD.     1858-1884. 

The  son  of  a  Baptist  clergyman,  Dr.  Herrick  was  born 
near  Minneapolis,  Minn.,  June  21,  1858.  He  grew  up  in  a 
home  far  from  neighbors  as  a  solitary  child  with  few  play- 
mates and  very  early  showed  his  bent  for  the  study  of 
nature.  While  still  in  the  Minneapolis  high  school  he  col- 
lected extensively  and  left  at  graduation  a  case  of  over  a 
hundred  mounted  bird  skins  and  other  specimens  in  the  high 
school.  It  was  during  this  period  that  his  father  got  him  an 
eight  dollar  microscope.  With  this  crude  -instrument  and 
without  library  facilities  he  worked  over  the  fresh  water 
fauna  of  the  neighboring  brooks  and  pools  so  thoroughly 
that  before  graduating  from  the  university  of  Minnesota,  in 
1880,  he  had  published  several  articles  of  value  on  the  fresh 
water  Crustacea  of  Minnesota  and  four  years  after  gradua- 
tion, with  somewhat  better  facilities,  published  a  report 
on  the  microcnistacea  of  Minnesota  which  is  still  standard. 
These  years  and  those  of  his  university  course  were  filled 
with  many  bitter  struggles,  not  the  least  of  which  was  with 
poverty  and  the  lack  of  materials  for  study.  But  notwith- 
standing these,  he  completed  his  course  in  three  years,  at 
the  same  time  partly  supporting  himself  by  assisting  on  the 
Minnesota  natural  history  survey.  He  had  also  showed 
so  obvious  a  native  gift  with  his  pencil  that  upon  his  gradu- 
ation the  president  of  the  university  said  that  he  was  uncer- 
tain whether  to  advise  him  to  devote  his  life  to  science  or 
art.  But  there  was  no  uncertainty  in  the  mind  of  the  young 
man.  Continuing  his  work  with  the  geological  and  natural 
history  survey  of  Minnesota  after  graduation,  he  published 
many  papers  in  rapid  succession  on  the  fauna  of  the  state 
and  began  an  extensive  report,  the  first  volume  of  which 
>vas  completed  in  1885.  This  was  a  large  quarto  on  the 
mammals  of  the  state  fully  illustrated  with  many  colored 
plates  and  pen  drawings.  It  was  accepted  for  publication, 
but  for  lack  of  funds  in  the  survey,  never  saw  the  light. 
Years  afterward,  in  1892,  a  small  octavo  was  published  by 
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the  survey  made  up  of  the  more  popular  parts  of  this  work. 
He  spent  a  year  in  Leipzig  at  the  University  during  i88i- 
'82.  And  in  1883  he  was  married  to  Miss  Alice  Keith,  of 
Minneai)olis. 

He  took  his  Masters  and  Doctors  degree  from  the  uni- 
versity of  Minnesota. 

SECOND  PERIOD.     1884-1889. 

Called  to  the  chair  of  Geolog}'^  and  Natural  History-  of 
Denison  university,  Granville,  Ohio,  in  the  summer  of  1884, 
he  spent  the  fall  of  that  year  at  Denison,  then  returned  to 
Minneapolis  to  complete  the  work  begun  by  him  on  the 
Minnesota  survey  and  in  the  fall  of  1885  moved  with  his 
family  to  Denison.  It  had  been  his  intention  to  continue 
his  zoological  work  there,  and  there  was  great  activity  in 
this  line  during  the  entire  period,  but  the  routine  excursions 
made  as  a  part  of  the  instruction  of  his  geolog}'  classes 
showed  liim  so  much  of  interest  in  the  local  strata  that  his 
chief  labors  while  in  Granville,  were  upon  the  fossils  and 
stratijT^raphy  of  the  Waverly  free  stones  and  shales  of  Ohio. 
This  work  was  abruptly  cut  short  by  his  removal  from  Gran- 
ville in  1880,  and  while  never  rounded  out  as  he  would  have 
liked  is  probably  his  most  important  geological  work.  In 
1885  he  founded  the  lUilletin  of  the  Scientific  Laboratories 
of  Denison  university,  in  which  the  greater  part  of  his  re- 
searches and  those  of  his  pupils  on  Ohio  geology  were 
pu])lislied. 

His  phenomenal  success  as  a  teacher  during  this  and 
sul)se(|uent  ])erio(ls  was  due  to  factors  some  of  which  are 
easily  seen — others  hard  to  define.  After  his  attractive  per- 
sonal (|ualities  and  magnetic  enthusiasm  I  should  place  his 
dee])  ])hilosophical  insight  and  the  fearless  way  in  which  he 
opened  up  his  ])rofoundest  thinking  to  even  his  most  ele- 
mentary ])U])ils.  The  ability  to  do  this  without  befogging 
the  air  was  an  exceedingly  rare  gift  and  was  stimulating  to 
even  a  dullard.  lie  knew  the  philosophical  classics  thor- 
(»ughly  from  original  sources  and  the  trend  of  his  thinking 
was  very  early  foreshadc^wed  in  the  translation  of  Lotze's 
Outlines  of  Psychology,  published  in  1885  in  Minneapolis. 
with  its  appended  chapters  on  the  nervous  system. 
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THIRD  PERIOD.     1889-1894. 

Upon  his  acceptance  of  the  chair  of  Biology  in  the  uni- 
versity of  Cincinnati  in  1889,  the  geological  studies  with 
which  the  preceding  five  years  had  been  so  fully  occupied 
were  summarily  brought  to  a  close  and  he  threw  himself 
with  renew.ed  energy  into  the  study  of  the  nervous  system. 
Extensive  papers  on  the  brains  of  different  animals  appear- 
ed in  rapid  succession  of  which  the  most  valuable  are  two 
series,  one  on  the  brains  of  various  fishes,  the  other  on 
those  of  reptiles.  In  1891  the  Journal  of  Comparative  Neur- 
olog>'  was  founded  and  served  as  the  medium  of  publication 
for  most  of  these  researches.  The  founding  of  this  journal 
can  best  be  designated  as  a  piece  of  characteristic  audac- 
ity. It  was  a  purely  private  enterprise  with  no  funds  as- 
sured and  very  little  outside  co-operation  promised.  But 
without  counting  the  cost  he  plunged  boldly  in,  expecting 
a  constituency  to  be  developed  as  the  work  went  on.  In  this 
he  has  not  been  disappointed  wholly,  though  recognition 
of  financial  needs  has  lagged  sadly  behind  that  of  the  scien- 
tific excellence  of  the  journal.  At  the  close  of  1891  he  re- 
signed his  chair  in  the  university  of  Cincinnati  to  accept  a 
chair  of  Biology  in  the  university  of  Chicago,  then  being  re- 
organized. The  early  part  of  1892  was  spent  in  Europe, 
chiefly  in  Berlin.  Upon  his  return  the  adjustment  at  Chic- 
ago presented  unexpected  difficulties  and  after  a  series  of 
misunderstandings  he  withdrew  from  the  institution,  declin- 
ing an  offer  to  return  to  Germany  for  further  study  on 
full  salary.  He  was  immediately  elected  to  his  old  post  in 
Denison  university  with  an  assistant  and  the  privilege  of 
devoting  only  a  part  of  his  time  to  teaching,  the  remainder 
to  be  spent  either  at  home  or  abroad  in  the  further  prosecu- 
tion of  his  research.  A  year  and  a  half  of  great  productive- 
ness followed.  He  bought  a  small  tract  of  land  adjacent  to 
the  college  campus,  built  a  residence  upon  it  and  planned  to 
devote  the  remainder  oi  his  days  to  breeding  animals  on  an 
extensive  scale  and  studying  the  laws  of  heredity,  compara- 
tive psychology  and  allied  problems.  Hut  before  this  pro- 
ject was  fully  under  way  his  health  broke  down  and  he 
was  forced  to  abandon  his  home  in  the  fight  for  life. 

In  December,  1893,  he  had  a  severe  attack  of  la  grippe, 
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but  as  was  his  custofii  in  illness  went  on  with  his  work  as 
usual.  Upon  completion  of  the  last  examination  of  the  term 
he  came  home  too  ill  to  correct  the  papers,  and  in  the  course 
of  the  f()ll(.)winp:  night  was  attacked  by  a 'severe  hemorrhage 
from  the  lungs  and  for  weeks  his  life  hung  in  the  balance. 
With  the  return  of  spring  his  strength  increased  sufficiently 
to  enable  him  to  remove  to  New  Mexico,  where  the  local 
physicians  told  him  he  had  a  fighting  chance  for  a  few 
years.  Pie  accepted  the  challenge  bravely  and  for  more  than 
ten  years  held  the  disease  in  check.  During  the  spring  of 
1894,  the  college  dedicated  the  Barney  Science  Hall,  which 
had  been  built  largely  under  the  stimulus  of  his  presence  in 
the  faculty,  but  he  was  never  permitted  to  work  in  it. 

FOURTH  PERIOD.     1894-1904. 

This  (leca<le,  filled  with  bodily  pain  and  the  worse  tor- 
ture of  anxietv  and  mental  unrest,  is  vet  one  of  the  most 
productive  ])eriods  of  his  life.  Much  of  the  time  was  spent 
in  the  open  with  covered  wagon  and  camp  kit,  and  with 
the  return  of  strength  scientific  interests  again  absorbed  his 
attention.  Naturally  in  this  case  he  again  turns  to  geolog}' 
and  an  extensive  series  of  articles  on  the  geolog\^  of  Xew 
Mexico,  bears  testimony  to  the  industry  of  these  apparently 
aimless  wanderings.  The  first  scientific  work  done  in  the 
territory  was  a  revision  of  his  earliest  important  work,  the 
Oiistacea  of  Minnesota.  As  soon  as  his  geological  knowl- 
edjL^^e  became  known  his  services  were  in  demand  as  a  min- 
\\v^  ex])ert  and  during  the  later  years  of  his  life  in  the  terri- 
tory he  snj^ported  his  family  chiefly  by  practising  this  pro- 
fession as  strength  permitted.  For  four  j-ears  he  was  the 
l)resident  of  the  territorial  university  at  Albuquerque. 
though  at  the  close  of  the  third  year  it  became  evident  that 
the  strain  of  the  executive  work  and  confinement  were  too 
hard  for  him,  and  his  connection  during  the  fourth  year  was 
mainly  of  supervision  and  general  control.  During  his  last 
year  there  was  an  obvious  failing  of  physical  strength  so 
that  long  field  trips  had  to  be  abandoned.  But  the  more 
cjuiet  life  gave  o])portunity  ior  a  thorough  recasting  of  many 
(juestions  and  formulation  of  matters  which  had  been  in  his 
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mind  all  his  life.  So  that  before  his  death  much  of  the 
philosophical  correlation  of  which  mention  was  made  in  his 
early  life,  was  effected.  A  number  of  articles  have  already 
been  published  in  the  philosophical  serials  bearing  on  these 
matters  and  there  is  a  considerable  collection  of  MSS.  re- 
maining, much  of  which  can  doubtless  be  edited  for  publica- 
tion. It  is  gratifying  to  know  that  he  had  the  satisfaction  of 
seeing  this  work  so  well  rounded  out  before  his  death  and 
that  the  later  months  of  his  life  wet"e  much  more  restful  than 
those  preceding,  some  of  which  were  marked  by  extreme 
suffering. 

He  continued  in  about  his  usual  health  until  Sept.  8, 
1904,  when  he  again  had  a  series  of  uncontrollable  hem- 
orrhages, daily  becoming  weaker  until  on  the  morning  of 
the  15th,  he  peacefully  passed  away. 

His  life  work  having  been  distributed  in  three  widely 
separated  communities,  each  gave  expression  of  its  estimate 
of  the  man  at  the  time  of  his  death. 

The  university  of  Minnesota  knew  him  directly  as  a 
student  and  young  investigator  and  his  friends  there  have 
watched  his  subsequent  career. 

The  Minnesota  Magazine  for  October,  1904,  contains 
the  following  notice: 

"University  men  and  women  will  regret  to  hear  of  the 
death  of  Prof.  C.  L.  Herriek,  at  Socorro,  New  Mexico,  Sep- 
tember fifteenth.  Mr.  Herriek  was  graduated  from  the  uni- 
versity, and  had  here  been  granted  the  degree  of  Doctor  of 
Philosophy.  Specializing  in  ornithology,  he  mounted  many 
of  the  specimens  now  in  the  Biological  Museum,  and  made 
scientific  reports  one  of  which  was  published  for  the  state 
by  the  geological  and  natural  history  survey;  and  an- 
other an  illustrated  treatise  on  Fresh  Water  Crustaceans, 
ranks  high  among  American  authorities. 

"As  professor  of  Natural  History  in  Denison  university, 
his  activities  widened.  He  established  the  Journal  of  Neur- 
ology, one  of  the  leading  scientific  periodicals  of  the  world. 
He  gave  much  attention  to  the  geology  of  Ohio,  and  was 
for  some  time  associate  editor  of  the  American  Geologist^ 
to  which  journal  he  made  extensive  contributions. 

"The  university  of  Chicago  offered  him  a  professorship. 
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the  duties  of  which  he  never  assumed.  Ill  health  compelled 
him  to  seek  the  more  favorable  climate  of  New  Mexico, 
where  after  a  short  service  as  instructor  in  the  school  of 
mines  at  Socorro,  he  was  elected  president  of  the  university 
of  New  Mexico,  at  Albuquerque.  Here  his  zeal  and  energy 
so  inspired  his  associates  that  the  university  entered  upon 
an  era  of  activity  unusual  in  so  young  an  institution.  His 
health,  however,  continuing  to  fail,  Dr.  Herrick  was  forced 
to  resign  the  responsibilities  of  the  presidency  and  seek  the 
more  active  outdoor  work  of  a  practical  geologist  and  irri- 
gation engineer.  So  employed  and  continuing  to  contribute 
to  the  scientific  journals,  he  labored  industriously  until  his 
death.  His  last  paper  appears  in  the  current  number  of  the 
American  Geologist. 

"Few  alumni  of  the  university  of  Minnesota  have  at- 
tained higher  rank  among  the  American  scientists.  Three 
commonwealths  feel  the  influence  of  his  versatile  brain; 
three  universities  honor  his  memory.  For  years  he  labored 
under  the  discouragements  of  disease,  but  he  held  out  gal- ' 
lantly  in  the  prosecution  of  his  chosen  work.  All  his  in- 
tellectual life  was  given  to  the  abstruse  problems  of  science, 
and  his  achievements  should  place  him  among  the  savants 
of  the  opening  century.'* 

In  Ohio  "The  Granville  Times"  and  "The  Denisonian" 
the  weekly  college  paper,  both  published  portraits  and  ex- 
tended articles  concerning  him  and  his  life  work. 

The  Denison  Scientific  Association  held  a  special  mem- 
orial service  at  which  Prof.  G.  F.  McKibben  of  Denison, 
Prof.  A.  D.  Cole  of  Ohio  state  university  and  Prof.  Aug. 
F.  Foerste  of  Dayton,  Ohio,  made  the  principal  addresses. 

Prof.  Cole  said  in  part  in  his  address  on  "C.  L.  Her- 
rick as  a  Maker  of  Scientific  Men,"  published  in  a  special 
Tncmorial  volume  of  the  Bulletin  of  the  Scientific  Labora- 
tories of  Denison  universitv. 

"T  desire  to  emphasize  especially  his  rare  power  of  in- 
fluencing young  Tuen — and  that  too  without  seeming  to  make 
any  efl'ort  to  do  so — to  adopt  his  own  point  of  view  of 
life  and  devote  themselves,  wholly  or  in  part,  to  the  quest 
of  truth  which  was  to  him  the  great  thing  in  life.  This 
seems   to  me   to  be   the   most  striking  and   characteristic 
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thing  in  professor  Herrick's  personality.  He  was  learned, 
but  we  have  known  others  learned  too;  he  w^s  devoted  to 
his  work  but  such  %  devotion,  though  uncommon,  we 
may  find  elsewhere;  he  was  a  rare  teacher,  but  the 
country  has  many  great  teachers;  he  was  a  man  of 
strong  religious  faith  arid  rich  Christian  life,  but 
that  too  we  may  parallel  in  other  lives.  But  I  can- 
not  think  of  one  other  man  who  so  powerfully  impressed 
those  with  whom  he  came  into  any  sort  of  contact  with 
a  real  longing  to  find  out  new  truth  by  their  own  effort 
and  add  it  to  the  legacy  of  knowledge  which  the  present 
generation  has  inherited  from  the  past.  His  own  work  as  an 
investigator  was  great ;  his  work  as  a  mak^r  and  trainer  of 
investigators  was  perhaps  greater.  I  have  never  known  an 
enthusiasm  so  contagious  as  his.  It  is  no  mere  accident 
that  both  his  brothers,  his  wife's  brother,  his  only  son  and 
a  large  proportion  of  his'students  have  caught  the  spirit  of 
original  research  and  made  important  contributions  to  the 
fund  of  new  knowledge.  Contact  with  him  in  class  room, 
laboratory  or  household  seemed  equally  efficient  for  propa- 
gating the  germ  of  personal  investigation.  He  might  have 
been  a  great  teacher  even  without  this  power,  as  others 
have  been ;  with  it  his  success  was  assured  and  eminence 
certain  with  favorable  conditions.  *  *  *  What  were 
some  of  the  reasons  for  the  unquestionable  power  he  pos- 
sessed of  moulding  the  purposes  and  lives  of  his  associates? 
Let  us  note  at  least  a  few  of  them.  One  reason  for  this 
power  was  undoubtedly  the  perfect  sincerity  of  his  devotion 
to  science.  It  was  so  apparent  from  even  a  slight  acquaint- 
ance with  him  that  he  loved  it  and  believed  in  it  as  a  pur- 
suit worthy  not  only  of  his  own  highest  thought  and  most 
earnest  effort,  but  deserving  as  well  the  supreme  attention 
of  any  man.  He  was  not  given  to  proselyting;  there  was 
no  direct  appeal  to  others  to  interest  themselves  in  those 
things  which  he  pursued.  But  given  a  noble  mind,  despis- 
ing the  shams  which  it  already  sees  constitute  so  large  a  part 
of  modern  life,  longing  vaguely  to  realize  its  youthful  dreams 
of  mental  achievement  and  moral  victory,  in  close  daily  con- 
tact with  an  enthusiasm  so  pure  and  unselfish  as  that  of 
professor  Herrick,  is  it  any  wonder  that  the  ambition  to 
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emulate  him  should  be  kindled  in  that  mind?  We  all  know 
the  teacher,  who  seems  to  teach  for  "what  there  is  in  it 
for  himself" — such  small  return  of  money,  social  position  or 
reputation  as  seems  to  be  attached  to  his  business ;  we  have 
seen  how  he  bolsters  up  his  own  dead  interest  in  the  pro- 
gress of  science  by  sounding  phrases  about  the  dignity  of 
scientific  pursuits.  No  one  recognizes  the  sham  more  quick- 
ly or  completely  than  the  students  in  his  class  room,  and 
with  the  recognition  his  power  as  teacher  is  gone.  No  one 
can  interest  another  in  an  intellectual  problem  in  which  he 
himself  is  not  genuinely  interested.  Even  if  he  believes 
himself  interested,  that  is  not  enough ;  self-deception  cannot 
save  him.  His  students  will  feel — vaguely  perhaps,  but 
surely — that  the  interest  is  not  real.  On  the  other  hand 
the  teacher  with  a  genuine  zeal  for  his  subject,  so  simple 
that  it  never  feels  the  need  of  self-  assertion,  already  has  his 
battle  two-thirds  won.  The  student  unconsciously  detects 
the  real  article  as  well  as  the  sham.  As  it  is  hopeless  to 
deceive  students  by  the  parade  of  simulated  enthusiasm,  so 
it  is  unnecessary  to  proclaim  the  real  one.  Thus  professor 
Herrick's  intellectual  honesty  and  genuine  zeal  for  science 
found  an  answering  note  in  the  minds  and  hearts  of  all  those 
whose  lives  touched  his.  We  who  knew  him  felt  our  own 
ambitions  purified  and  ennobled  by  the  contact. 

Secondly,  his  remarkable  industry  emphasized  the 
eflPect  of  his  sincere  devotion  to  science.  He  was  not 
one  to  tell  how  much  midnight  oil  he  burned  or  in  any  way 
indicate  the  intensity  of  his  labors,  but  both  their  quality 
and  quantity  compelled  our  attention  and  we  watched  and 
found  that  he  rarely  spent  an  idle  minute.  Not  only  were 
his  working  hours  long,  but  intensely  active.  Many  of  us 
remember  the  long  quick  stride  which  carried  him  so  rapid- 
ly from  task  to  task :  it  was  an  index  to  the  energy  of  the 
mental  machine  within. 

A  letter  recently  received  from  a  former  student  who 
was  for  a  time  a  member  of  his  household  says:  "The 
tireless  energy  of  the  man  was  inspiring.  His  light  was  last 
to  go  out  in  the  home  and  on  going  to  breakfast  early  in 
the  morning  it  was  no  unusual  thing  to  meet  professor  Her- 
rick  returning  from  the  woods  or  swamp  with  a  supply  of 
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material  for  the  day's*  classes  *  *  *  If  he  ever  took  a  rest 
we  never  knew  of  it." 

A  third  reason  for  professor  Herrick's  ability  to 
instill  the  spirit  of  research  was  found  in  his  sub- 
ordination of  most  of  the  common  aims  which  move 
men  to  what  was  evidently  the  great  aim  of  his  life. 
*  *  *  Professor  Herrick,  while  remarkably  faithful  to 
all  of  his  duties  to  others,  managed  to  give  such  emphasis 
to  his  scientific  labors  that  it  became  but  natural  to  think 
of  him  always  as  a  man-of-science. 

Another  thing  that  attracted  students  and  led  them  un- 
consciouslv  to  seek  to  imitate  him  was  the  freshness  and 
originality  of  his  ideas.  His  mind  was  always  taking  con- 
ventional and  commonplace  ideas  and  making  something 
fresh  and  new  out  of  them.  He  thought  much  of  the  phil- 
osophical bearing  of  scientific  things.  "The  Psychological 
Basis  of  Feelings,"  "Psychological  Corollaries  of  Modern 
Neurological  Discoveries"  are  two  of  the  many  titles  of  his 
scientific  papers  indicating  his  tendency  to  philosophize  the 
results  of  his  scientific  observations.  ^ 

Besides  the  four  mental  traits  which  I  have  mentioned 
in  attempting  to  account  for  the  power  he  possessed  of  en- 
ergizing others  into  scientific  activity  there  were  moral  at- 
tributes which  contributed  more  to  the  same  end. 

One  of  these  was  connected  with  his  originality  and 
mental  independence,  namely  his  courage  in  over-riding 
false  traditions  and  calmly  undertaking  the  solution* of  dif- 
ficult problems.  His  was  the  pioneer  type  of  mind.  And  so 
he  frequently  introduced  novel  methods  in  his  teaching 
which  aroused  attention  and  interest.  Although  his  con- 
nection with  Denison  was  not  a  long  one.  he  introduced  at 
least  four  striking  innovations  which  have  already  stood  the 
test  of  years  and  bid  fair  to  be  permanent.  These  were  (in 
chronological  order)  The  Scientific  Association,  the  Bulle- 
tin of  the  Scientific  Laboratories,  The  Neurological  Journal, 
and  the  courses  of  study  which  lead  to  the  degree  of  Bach- 
elor of  Science  at  Denison. 

At  the  time  of  its  introduction  each  one  of  these  innova- 
tions seemed  to  be  a  questionable  proposition,  hardly  likely 
to  succeed.     *    *     *     He  started  the  first  volume  of  the 
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Ijiilletin  of  the  Scientific  Laboratories  the  year  following  his 
coming  to  Denison.  *  *  *  There  are  eighty-five  articles 
written  by  many  different  authors,  most  of  them  Denison 
men,  students  or  faculty  members,  and  not  a  few  of  them 
those  who  have  become  original  workers  through  the  in- 
fluence and  example  of  professor  Herrick  himself. 

Undoubtedlv  its  success  has  been  due  to  the  fine  start 
it  made  through  the  unremitting  labors  of  professor  Herrick 
as  editor.    Of  the  26  articles  which  constitute  the  first  four 
volumes  issued  under  his  editorship,  no  less  than  ten  were 
from  his  own  pen.     And  after  ill  health  compelled  him  to 
seek  another  climate,  and  in  spite  of  the  fact  that  he  had 
faken  the  editorship  of  the  Journal  of  Comparative  Neur- 
ology upon  his  hands  we  find  him  a  frequent  and  valuable 
contributor.    So  late  as  June  1900  (in  Vol.  XI.)  we  find  an 
elaborate  article  of  more  than  sixty  pages,  with  a  map  and 
34  beautiful  plates  for  which  he     was     so     well     known. 
*     *     *     In   1887  professor  Herrick  founded   the   Denison 
Scientific  Association  whose  object,  aim  and  history  during 
sevLMiteen  years  are  well  known  to -most  of  you.    Very  faith- 
fully has  it  carried  out  its  aims  as  he  expressed  them  in  its 
constitution  "To  collect,  record  and  disseminate  information 
bearing  on  the  sciences  and  to  stimulate  interest  in  local 
natural  history  and  preserve     specimens     illustrating    the 
same."     I  think  very  few  of  those  who  tried  to  help  him 
start  the  Association  expected  that  it  would  continue  and 
cic\  elo])  as  it  has  done.     My  own  feeling  concerning  it  is 
well  expressed  in  a  letter  recently  received  from  another 
of  its  charter  members,  professor  J.  E.  Woodland  of  the 
Rochester  Athenaeum  and  Mechanics  Institute.     He  savs: 

"I  recall  vividly  the  organization  of  the  Denison  Scien- 
tific Association  and  the  enthusiasm  with  which  professor 
Herrick  directed  the  work  and  gathered  the  material  for 
the  pronrranis.  I  have  been  associated  with  other  Scientific 
Associations  since  then  but  have  yet  to  find  the  genuine 
local  interest  and  enthusiasm  that  characterized  the  one  in 
( lran\il]e." 

1'he  fourth  innovation  due  principally  to  professor 
Herrick,  was  the  complete  revision  of  the  work  in 
science  in  the  course  of  study  leading  to  the  B.  S.  degree 
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at  Denison.  *  *  *  It  was  another  case  where  professor 
Herrick's  independence  of  tradition  led  to  important  results 
for  Denison. 

A  sixth  reason  for  professor  Herrick's  ability  to  arouse 
the  spirit  of  scientific  research  in  others  we  find  in  the 
breadth  of  his  interests  and  sympathies.  He  did  not  follow 
the  fashion  of  extreme  specialization  so  characteristic  of  our 
time.  Before  he  came  to  Denison  he  was  state  mammalogist 
of  Minnesota,  at  Granville  he  was  botanist,  zoologist,  geolo- 
gist and  neurologist,  not  merely  teaching  but  investigating 
along  these  lines.  While  in  New  Mexico  he  added  work 
of  a  mining  engineer  to  that  of  geologist  and  neurologist, 
and  in  his  last  months  we  hear  of  his  resuming  study  and 
writing  along  philosophical  lines,  a  labor  which  had  been 
begun  many  years  before.  And  so  under  his  tutelage  we 
find  one  of  his  students  inspired  to  become  a  botanist,  an- 
other a  biologist ;  several  became  geologists  and  others  neur- 
ologists. And  to  all  he  was  able  to  extend  such  counsel, 
stimulus  and  sympathy  that  his  influence  became  one  of 
the  determining  forces  of  their  lives 

And  this  brings  us  to  the  last  reason  that  I  will  name 
to  explain  professor  Herrick's  power  over  his  students ; 
namely,  his  personal  interest  in  them,  not  alone  in  their 
scientific  development,  but  in  all  their  joys  and  troubles. 
Quoting  again  from  Mr.  Woodland's  letter,  **To  the  student 
he  w^as  never  a  professor  with  awe-inspiring  dignity,  but 
rather  a  companion  and  friend.  *  *  *  There  seemed  to  be 
some  great  pressure  incessantly  driving  nim  to  work,  yet 
Mrith  it  all  we  never  entered  his  room  that  he  did  not  make 
us  feel  entirely  welcome.  *  *  *  He  never  spoke  a  word 
of  discouragement  to  any  one." 

And  now  in  conclusion  let  me  illustrate  several  of  these 
sources  of  professor  Herrick's  power  to  inspire  students  by 
reading  to  you  a  letter  which  I  received  to-day  from  W.  E. 
Castle,  now  professor  of  zoology  in  Harvard  university,  one 
of  the  many  young  men  who  honor  professor  Herrick's 
memory  in  the  highest  possible  way,  by  following  in  his 
foot-steps. 

"While  in  conversation  with  a  zoologist  from  a  distant 
state  I  was  asked  from  what  college  I  came.     'From  a  col- 
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lego'  I  ri'pliod  *of  which  very  likely  you  never  heai 
son.' 

* '( )  yes,*  was  the  prompt  reply,  *1  know  Deni 
Herricks  have  made  Denison  famous.' ''  This  incid< 
evidence  of  the  high  regard  in  which  the  scientitic 
gun  at  Denison  by  professor  C.  L.  Herrick  is  hel 
w(»rkers  elsewhere  in  similar  lines. 

From  an  article  in  the  same  Bulletin  by  H.  Hci 
den  we  (piote :  (.)f  professor  Hcrrick's  contribu 
philosophy  a  word  should  be  said.  That  his  iiitcre 
derp  and  abiding  one  is  abundantly  evident  from 
at  his  writings  which  include  many  articles  and  dii 
dating  from  the  publication  in  1882  of  his  trans 
I.ot/o's  lectures  on  i)sychology  to  the  series  of  ar 
"nynamic  Realism"  which  he  had  begun  to  publi; 
Journal  (»t'  riiilosophy.  Psychology,  and  Scientific  '. 
at  the  time  of  his  death.  He  made  frequent  short  ( 
tions  to  the  i\vchological  Review,  besides  publish 
on<  other  articles  of  a  psychological  and  philosophi 
acter  in  his  own  journal.  His  interest  in  problems 
and  relii^i«»n  is  evidenced  bv  diverse  articles  in  ccrta 
religituis  jK-riodicals  as  well  as  nuich  nnpiihlishe 
scri]>i. 

<  >f  hi>  ■  etaphysical  writings  it  should  be  said  1 
\\  rrc  alwa;.  insj>ire(l  by  his  scientific  researches.  1 
wav  ^atisfi  <!  with  the  easy  j)hilosophy  of  the  **ai 
jjliysical"  sian<lp«»int  nt  many  fellow  scientists. 
])]iysical  parallelism  lu-  regarded  as  '*thc  Great  Rac 
aim  <»f  his  lifr  was  to  throw  light  upon  just  such  so-< 
soJubK  prol)lrms  as  the  relation  of  consciousnes: 
brain. 

"lL:n(nabimus"  is  a  word  which  never  fell  from 
'\'\\c  unity  of  the  material  and  the  mental  is  a  tri: 
wliirli  he  canu^  to  lay  increasing  stress  in  his  latt 
Starting  t'nini  a  l.otzean  spiritualistic  idealism  he  n 
li«-l<l  of  the  monism  which  characterizes  that  philc 
w«»rl«l-view.  tlioiigh  in  many  respects  he  worked 
it.  his  scientific  studies  serving  to  correct  any  ten^ 
an  e\clnsi\e  em])hasis  upon  the  mental.  This  is 
the  title  imder  which  his  latest  writings  appear — "1 
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Realism" — in  which  many  will  find  hints  of  a  coming  phil- 
osophic movement  which  is  to  reinterpret  the  fixed  onto- 
logical  categories  of  a  past  metaphysics  in  more  dynamic 
and  organic  terms. 

Of  his  contributions  to  the  theory  as  to  the  nature  of 
consciousness  (equilibrium  theory  of  consciousness),  the 
physiological  basis  of  the  emotions,  theory  of  pleasure-pain 
(summation-irradiation  theory  of  pleasure-pain),  his  discus- 
sion of  the  reflex  arc  or  organic  circuit  under  the  terms  of 
his  own  coining  ("aesthesodic"  and  "kinesodic")  and  in  gen- 
eral his  interpretation  of  experience  in  dynamic  and  energic 
terms,  we  may  not  here  speak  in  detail.  But  the  attention 
of  the  readers  of  this  Bulletin  should  be  called  to  this  side 
of  his  work  as  it  is  embodied  in  his  various  published  writ- 
ings and  especially  in  certain  writings  which  are  yet  to  ap- 
pear.'' 

In  the  memory  of  his  pupils  professor  Herrick  was 
greatest  as  teacher.  This  statement  can  only  be  appreciated 
by  those  who  knew  him  personally  and  were  in  his  classes. 
Tliere  was  no  display  or  oratory.  He  was  not  what  would 
be  called  a  gifted  public  speaker,  though  he  was  often  called 
upon  for  such  services.  .  It  was  in  the  class  room  or  about 
the  seminar  table  or  in  general  conversation  that  the  inex- 
haustible fertility  of  his  thought  and  fine  suggestiveness  of 
his  language  appeared.  In  his  lectures  one  always  knew 
that  he  was  getting  the  best,  the  latest,  the  deepest  results 
of  his  scientific  research  and  philosophic  reflection.  Never 
-was  any  work  slighted  in  which  his  students  were  involved. 
Other  things  might  be  sacrificed — time,  money,  convenience, 
even  health  itself,  but  never  the  student.  The  result  was 
that  his  teaching  was  not  confined  to  the  class-room  or 
laboratory.  There  never  was  an  occasion  upon  which  he 
-was  not  ready  to  suggest,  advise,  assist  the  groping  mind  in 
search  for  truth. 

He  was  extraordinarily  versatile  in  the  class  room.  He 
-would  lecture  with  a  piece  of  chalk  in  each  hand,  sketching 
at  the  same  time  ambidextrously  upon  the  blackboard  the 
figure  he  was  describing.  Never  did  the  lecture  degenerate 
into  a  mere  description  of  the  figure.  The  figure  he  was 
describing  was  the  figure  in  his  •  mind — the  figure  that  he 
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was  thereby  su}2:gesting  to  the  student's  mind.  Such  de- 
scription and  all  the  other  instrumentalities  of  the  class- 
room and  laboratory  were  always  kept  in  their  proper 
j)lacc  and  proportion  as  means  to  the  end  of  knowledge  and 
insight.  His  artistic  sense  was  too  fine  to  allow  them  ever 
to  degenerate  into  mere  ends  in  themselves ;  the  technique 
of  his  teaching  w^as  in  itslf  a  work  of  art,  the  more  that 
it  was  unconscious  on  his  part.  His  courses  in  neurolog}', 
cnihryology,  and  histology'  were  primarily  courses  in  think- 
ing. This  is  no  doubt  the  reason  whv  so  manv  of  his  stud- 
cnls  look  back  upon  his  teaching  as  a  period  of  their,  in- 
tellectual awakening." 

( )nc  of  his  colleagues  at  Denison  university  says  of 
him :  "All  who  knew  professor  Herrick  loved  him.  Differ- 
ent friends  had  different  reasons  for  loving  him.  but  all 
agreed  in  loving.  Christian  people  loved  him  because  he 
was  a  loyal  Christian  man.  Intellectual  people  loved  am! 
admired  him  because  of  his  brilliant  and  keen  intellect: 
and  men  in  general  loved  him  because  they  saw  in  him 
a  true  and  noble  man  loving  the  truth  and  living  it  out  in 
bi^   <laily   life." 

As  has  been  said  of  another:  **He  did  his  work  with  a 
(|nietness  which  concealed  its  power.  He  contributed  to 
science  our  best  example  of  the  scientific  temper.  He  wa> 
a  pr(»f»)und  thinker.  He  was  a  successful  teacher.  He  was 
a  lover,  inspirer.  and  leader  of  youth." 

lieing  so  intimately  accpiainted  with  Dr.  Herrick  and 
lii-^  family  it  was  my  ]>rivilegc  to  see  many  of  the  letter? 
«»f  sympathy  and  ap])reciation  which  were  addressed  to  the 
berea\  e<I  wife  and  (juotations  are  made  from  a  few  of  them 
whicli  refer  directly  to  the  characteristics  of  Dr.  Herrick. 

..:.  Dj.    Ht^rrick  was  a  great  man.       Had    his 

health  In-eii  kept  good  through  the  last  ten  or  more  years 
his  work  and  writings  would  •  have  shown  even  more 
clearly  the  caliber  of  his  mind,  and  the  later  years  of  his 
life  wonld  have  been  honored  as  few  American  scientists 
are  honored. 

"1  count  myself  fortunate  in  having  know-n  him  so  well. 
As  a  youth  he  brought  me  at  the  university  of  Minnesota. 
some  Tiatural  hist(»ry  specimens  of    his     own     preparation. 
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That  resulted  in  his  being  employed  on  the  survey,  and 
in  his  working  up  some  of  our  material.  After  his  departure 
for  Granville  I  only  knew  of  him  by  his  publications.  But 
the  fruition  and  the  scientific  acumen  displayed  in  his  writ- 
ings fully  bore  out  the  estimate  I  formed  when  I  first 
came  to  know  him.  He  has  left  a  beautiful  and  honorable 
record  of  which  his  children  may  be  proud. 

iV.  ^.    Winchelir 

*****!  cannot  resist  the  desire  of  saying  a  word 
concerning  Dr.  Herrick*s  later  years  in  New  Mexico. 
When  I  went  to  the  southwest  it  was  Dr.  Herrick*s  pres- 
ence that  drew  me  thither.  For  several  years  I  knew  him 
as  my  teacher  in  geology  and  biology,  as  an  inspiring  com- 
panion in  camp  and  field  and  as  a  faithful  friend  and  ad- 
visor in  every  emergency.  He  welcomed  me  not  only  into 
his  classes  but  into  his  home  as  well ;  and  I  came  to  know 
him  as  the  teacher,  the  student,  and  the  man. 

"His  work  in  New  Mexico  formed  the  most  splendid 
exhibition  of  what  heroic  courtige  and  unfaltering  will  pow- 
er can  accomplish  in  the  face  of  obstacles  which  are  us- 
ually regarded  as  insurmountable.  Broken  in  health,  his 
body  wasted  by  the  disease  to  which  he  had  fallen  victim, 
he  nevertheless  worked  on  with  tireless  energy,  accomplish- 
ing the  impossible  by  sheer  strength  of  will.  Those  who 
have  not  known  of  the  conditions  under  which  his  work  was 
accomplished  can  never  realize  all  that  it  represents.  They 
see  the  finished  published  report;  but  not  the  man  rising 
from  his  bed,  within  an  hour  after  a  hemorrhage  from 
the  lungs,  to  tramp  across  the  foot-hills  to  his  work.  They 
see  the  report  of  a  geological  reconnaissance;  but  not  the 
-writer  struggling  up  a  steep  mountain  slope,  straining 
every  nerve  and  muscle,  until  he  feels  the  approach  of 
another  hemorrhage ;  dropping  at  last  with  exhaustion  to 
wait  for  what  he  believes  to  be  the  end,  and  lying  there 
on  a  hastily  made  bed,  under  a  drifting  snow,  through  a 
night  so  cold  that  all  the  provisions  were  frozen,  but 
rising  nex*^  morning  to  press  on  through  one  of  the  worst 
snow  storms  that  ever  swept  the  Manzana  mountains.  This 
I  have  seen  and  marveled  that  human  endurance  could 
last  so  long.     And  were  the  truth  told  about  all  the  suffer- 
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ings  on  thirsty  plains  and  storm-swept  mountains,  under- 
gone by  him  who  was  not  able  to  bear  tlie  least  of  them, 
that  truth  would  seem  almost  incredible. 

"Through  it  all  there  was  an  enthusiastic  devotion  to 
his  work  which  inspired  every  one  with  whom  Dr.  Herrick 
came  in  touch.  I  believe  his  students  will  agree  that  he 
had  a  rare  abilitv  to  enlist  enthusiastic  interest  in  every- 
thing  he  did.  Whether  in  the  class-room  or  around  the 
camp  fire  his  hearers  were  inspired  with  a  new  desire  to 
know  more  about  the  wonderful  truths  of  nature  of  which 
he  talked.  This  essential  quality  of  the  successful  teacher 
he  had  in  the  highest  degree.  *  *  *  j  wanted  to  say 
at  least  one  word  to  vou  about  him  to  whom  I  owe  more 
than  I  can  realize. 

D,    IV,  Johnson^   Dfpi.  of  GeoIo^\ 
Mass.  Institute  of  Technology, 

These  few  quotations  will  give  an  idea  of  the  high 
esteem  in  which  Dr.  Herrick  was  held  bv  those  who  came 
into  personal  contact  with  him.  I  know  of  no  better  word 
to  express  the  general  characteristic  of  the  man  than  one 
which  T  have  heard  often  used  in  reference  to  him,  and 
whicli  lie  has  used  often  to  me  in  reference  to  himself,  and 
that  is  "])ioiiecr."  A  pioneer  in  every  sphere  of  his  activity, 
it  was  Ills  task  to  lay  foundations  among  the  difficulties.  In 
niatcri«'il  thinj^s  he  organized  the  first  laboratories  in  Deni- 
son  l^nivorsity  in  ])iolog\'  and  geology.  He  was  instru- 
nuMital  in  tlic  construction  of  the  new  science  building 
"Iw'iriuy  Memorial  Science  Hall/'  yet  he  never  was  to  work 
in  its  laboratories.  When  overtaken  by  sickness  and  it 
was  known  that  he  must  leave  Denison  some  of  his  "bovs" 
went  ttj  liis  house  with  a  closed  carriage  and  took  him  to 
the  Harney  Science  Hall  and  carried  him  through  the  fine 
laboratories  he  had  so  carefully  planned,  in  their  arms,  and 
lie  remarked  that  he  believed  that  he  knew  how  Moses 
fi'lt  when  he  was  permitted  to  view  the  promised  land. 
The  same  thint^^  was  experienced  at  the  university  of  New 
Afexieo.  He  started  his  work  there  in  a  few  meagre  nxMiis. 
was  instrumental  in  the  erection  of  the  Hadlev  Science 
Hall,  but  was  n(»t  permitted  to  labor  in  its  laboratories. 

in    the   intellectual   field   it   was   the   same   wav.     His 
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studies  and  publications  on  the  Waverly  of  Ohio,  while 
extensive,  were,  as  he  says  himself,  only  preliminary. 

In  the  field  of  biology  and  philosophy  ft  is  the  same. 
He  has  opened  up  the  path  and  pointed  the  way  for  others 
to  follow.  Yet  in  spite  of  the  great  diversity  of  directions 
of  his  mental  activity  he  has  manifested  the  true  pioneer 
instincts  and  his  vision  into  the  future  development  and 
possibilities  of  each  field  of  study  has  been  clear  and  cer- 
tain. 

I  believe  the  surest  test  of  greatness  when  applied  to 
his  life  work  will  show  that  as  time  goes  on  his  work  will 
be  more  largely  appreciated  and  his  service  to  the  cause 
of  science  and  humanity  will  be  more  clearly  recognized. 

His  devoted  wife,  one  son  grown  to  manhood  and  two 
daughters  survive  him ;  the  latter  all  in  school  or  college 
and  far  awav  at  the  time  of  his  death.  The  funeral  service 
in  his  home  at  Socorro  was  simple,  just  as  he  would  have 
chosen,  but  on  the  following  week,  all  departments  of  the 
university  of  New  Mexico  united  in  a  most  fitting  memor- 
ial service  at  Albuquerque,  where  those  who  had  known 
him  intimately  for  years  paid  high  tribute  to  his  worth. 

To  have  known  the  man  was  to  love  him.  To  have 
felt  the  power  of  his  influence  and  earnest  enthusiasm  in 
his  work  was  to  have  gained  an  inspiration  for  a  life-time. 

The  following  bibliography  is  as  complete  as  it  seems 
possible  to  secure,  although  it  is  known  that  he  contributed 
many  articles  to  general  papers  and  periodicals  which  are 
not  included  in  this  list: 
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THE    HIGH    ALTITUDE   CONOPLAIN;    A  TOPOGRAPHIC    FORI\i 
ILLUSTRATED  IN  THE  ORTIZ   MOUNTAINS. 

By  Ida  H   Ogilvib,  Ph.   D.   Rockland,  Mb. 

PLATE  II. 

During  the  past  winter  the  writer  was  engaged  upon  a 
somewhat  detailed  survey  of  the  Ortiz  mountains,  New 
Mexico.  These  mountains  are  in  the  central  part  of  the 
territory,  some  twenty-five  miles  east  of  Albuquerque,  and 
somewhat  farther  southwest  of  Santa  Fe.  The  region 
proved  to  be  of  unusual  interest  from  the  three  separate 
points  of  view  of  physiography,  petrography,  and  palaeon- 
tolog^^  A  full  report  on  all  of  these  subjects  will  be  pub- 
lished elsewhere,  the  present  paper  touching  only  upon  cer- 
tain physiographic  points  of  general  interest. 

The  Cordilleras  of  North  America  in  Mexico  and  for 
one  hundred  or  more  miles  north  of  Mexico,  consist  of 
many  ranges.  These  ranges  are  various  in  length,  hight 
and  direction,  but  the  general  trend  of  the  Cordilleras  as  a 
whole  is  N.  W. — S.  E.  The  ridges  are  generally  steep  and 
are  separated  by  flat  plateaus.  The  general  surface  of  the 
plateau  region  is  rarely  less  tlxan  6,000  feet  in  altitude,  al- 
though in  some  cases  rivers  have  cut  below  the  general 
level. 

Near  the  34th  parallel  the  Cordilleran  belt  divides,  one 
portion  trending  northward,  to  and  beyond  Colorado,  the 
other  portion  running  westward  and  then  northward 
through  Arizona  and  Nevada.  These  form  respectively 
the  Rocky  mountains  and  the  Basin  ranges.  Between  them 
lie  the  great  plateaus. 

Bordering  the  Cordilleran  country  are  many  volcanic 
areas.  The  eruptions  vary  in  age  and  in  type,  extending 
from  shortly  after  the  close  of  the  Cretaceous  to  nearly 
recent  time,  and  including  volcanic  cones,  extrusive  and  in- 
trusive sheets,  dikes,  necks  and  laccoliths.  The  volcanic 
region  is  confined  to  the  borders  of  the  Cordilleran  belts. 

The  Ortiz  mountains  He  within  this  borderland,  in  the 
eastern  branch,  not  many  miles  north  of  the  point  where 
the  ranges  fork.  They  are  laccolithic  in  origin ;  post-Cre- 
taceous  and   probably  pre-Pliocene   in   age.     West  of  the 
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Ortiz  are  the  Sandia  mountains,  a  range  of  the  basin  type 
whose  steep  western  face  marks  a  fault  scarp  with  a  throw 
of  over  4,000  feet.  On  the  east  the  Sandias  have  a  gentle 
slope  and  the  beds  dip  gently  east.  The  gentle  easterly  dip 
persists  for  many  miles,  and  across  the  edges  of  these  dip- 
ping beds  a  plain  has  been  cut.  The  plain  is  not  perfectly 
flat  but  has  irregularities  due  to  two  causes.  One  of  these 
is  the  Rio  Grande  and  its  tributary,  Galistro  creek,  which 
have  begun  to  dissect  the  plain ;  the  other  the  difference  in 
hardness  of  the  various  rocks  cut,  the  edges  of  hard  beds 
standing  up  in  cuesta-like  scarps.  The  hardest  beds  in  the 
region  are  igneous  sheets,  derived  from  the  Ortiz  mountains. 

The  Ortiz  laccolith  was  intruded  after  the  strata  were 
tilted  to  the  east.  Its  cover  has  been  largely  removed  by 
erosion,  and  the  tops  of  the  central  and  highest  mountains 
(whose  altitude  is  a  little  short  of  9,000  feet)  consist  of  the 
igneous  core.  Across  the  edges  of  the  surrounding  strata 
a  plain  has  been  partly  built  and  partly  cut,  this  plain  slop- 
mg  away  from  the  laccolith  on  all  sides.  Because  of  its 
outward  slope  in  all  directions  this  form  is  here  named  a 
conoplain,  and  its  slope  is  partly  cut  and  partly  built.  This 
conoplain  becomes  continuous  below  with  the  general  level 
of  the  region,  at  an  altitude  of  about  5,800  feet.  The  cono- 
plain has  been  cut  alike  across  the  Cretacic  beds  and  the 
igneous  sheets,  and  upon  its  surface  has  been  deposited 
alluvial  material  (the  Santa  Fe  marl  of  Hayden).  It  is  not 
to  be  understood  that  this  plain  is  a  smooth  surface  with 
the  configuration  of  a  cone ;  on  the  contrary  the  harder  beds 
stand  above  the  soft  to  the  extent  of  upwards  of  a  hundred 
feet.  But  a  line  drawn  from  the  central  mountains  outwards 
in  any  direction  will  pass  over  a  surface  cut  on  the  sur- 
rounding rocks  and  sloping  upwards  towards  the  mountains. 
It  is  confidently  believed  that  such  a  form  is  the  normal 
one  in  a  mountainous  arid  region,  differences  of  topographic 
ap^e  being  marked  by  differences  in  slope. 

The  difference  in  altitude  between  the  mountains  and 
the  surrounding  plateau  (a  difference  of  about  4,000  feet)  is 
sufficient  to  produce  a  marked  difference  in  precipitation. 
Vegetation  is  the  measure  of  precipitation.  The  mountains 
■catch  the  rain,  and  are  in  consequence  forest-covered,  with 
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such  types  as  Pinusponderosa  (var.  scapulorum),  Quercus 
undulata,  and  various  shrubs  of  the  oak  and  holly  families. 
Associated  with  these  are  the  cactus-like  types,  Opuntia,. 
Cereus  and  Yucca.  The  vegetation  is  thus,  for  an  arid  re- 
gion, a  considerable  one.  The  surrounding  plains  present 
a  marked  contract;  Opuntia,  Cereus  and  Yucca,  together 
with  Artemisia  (sage  brush)  form  the  prevailing  types. 
The  largest  trees  there  are  pinon  and  a  small  cedar. 

The  result  of  this  difference  in  climate  is  that  the  mounr  >^ 
tain  springs  give  rise  to  streams  which  disappear  entirely 
a  short  distance  from  their  source.  Within  the  Ortiz  area 
there  is  no  permanent  stream  which  finds  its  way  to  the 
sea.  For  the  greater  part  of  the  year  the  arroyos  are  en- 
tirely dry,  and  many  of  the  springs  dry  lip  also.  But  when 
rain  comes,  it  comes  in  quantities,  and  a  few  days  of  storm 
will  start  raging  torrents. 

The  details  of  the  idea  of  the  growth  of  river  valleys 
and  of  cycles  of  erosion  have  been  developed  in  regions  of 
moderate  climate  and  of  equably  distributed  rainfall.  It  is 
evident  that  in  such  a  region  as  the  Ortiz  the  normal  erosion 
cycle  will  be  markedly  different.  Leaving  aside  for  the 
moment  the  larger  question  of  the  origin  of  the  great 
plateaus,  and  also  the  special  case  of  the  Ortiz  mountains, 
let  us  consider  the  theoretical  erosion  history  of  an  ideal* 
laccolith. 

If  we  imagine  a  symmetrical  laccolith  of  homogeneous 
rock,  to  have  arched  up  the  strata  of  previously  horizontal 
rocks,  the  initial  stage  of  erosion  may  be  compared  to  that 
of  Prof.  Salisbury's  homogeneous,  symmetrical  island.  But 
with  this  difference  that  in  the  case  of  the  island  the  limit 
in  down-cutting  is  a  result  of  checked  velocity  and  is  at  sea 
level ;  in  the  case  of  the  laccolith  the  limit  is  formed  by  the 
point  at  which  the  streams  disappear,  and  may  be  at  any 
altitude. 

The  transporting  power  of  a  jstream  depends  upon 
volume  and  velocity.  An  increase  in  volume  increases  the 
transporting  power  by  more  than  a  simple  ratio;  velocity 
depends  upon  volume  and  declivity;  hence  an  increase  in 
volume  indirectly  adds  to  the  transporting  power  by  in- 
creasing the  velocity.    And  an  increase  in  declivity  aids  the 
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transporting  power  by  more  than  a  simple  ratio.  These 
facts  were  brought  out  thirty  years  ago  by  Gilbert  in  his 
classic  memoir  on  the  Henry  mountains. 

The  amount  of  corrasion  which  a  stream  can  perform 
depends  upon  its  load.  The  transported  detritus  forms  the 
tool  with  which  it  cuts,  but  an  excess  of  material  prevents 
corrasion.  When  a  stream  has  all  the  load  it  can  carry,  the 
entire  energy  is  used  in  transportation,  and  there  is  none 
for  corrasion.  If  there  is  an  excess  of  detritus,  the  trans- 
porting power  is  insufficient  and  deposition  takes  place. 
When  a  stream  empties  into  a  body  of  standing  water  its 
velocity  is  checked,  material  is  deposited  and  further  corra- 
sion is  impossible. 

The  ordinary  peneplain,  of  Powell's  type,  is  produced 
as  a  result  of  checked  velocity.  On  emptying  into  the  sea 
a  stream's  velocity  diminishes,  it  deposits  material,  and  its 
valley  widens  by  weathering.  When  several  valleys  widen 
at  the  expense  of  the  interstream  areas  a  flat  is  formed,  and 
this  gradually  extends  upstream,  until  a  peneplain  is  pro- 
duced. But  the  initial  cause  of  these  results  is  checked 
velocity  and  that  alone. 

The  energy  of  a  stream  depends  not  only  upon  velocity 
but  also  u'/on  volume.  Obviously  a  decrease  in  volume 
would  also  lead  to  deposition  and  to  a  cessation  of  corra- 
sion. Sucl'  a  decrease  in  volume  might  take  place  in  vari- 
ous ways;  but  the  common  way  in  the  plateau  region  is 
when  a  stream  in  its  course  passes  from  a  less  arid  to  a  more 
arid  climate.  In  the  case  of  our  ideal  laccolith  the  rain 
would  all  be  caught  near  the  summit,  streams  would  become 
established  which  would  flow  down  the  slopes,  and  on 
reaching  the  arid  surrounding  plain  these  streams  would 
speedily  dry  up.  This  result  would  be  accomplished  partly 
by  evaporation  and  partly  by  soaking  in,  as  a  result  of  the 
lower  ground  water  level.  , 

In  the  case  of  the  laccolith,  the  process  is  aided  by 
lessened  declivity.  The  form  being  a  constructional  one, 
pushed  up  out  of  a  previously  existing  plain,  there  would 
be  a  change  in  grade  in  passing  away  from  the  slopes  of  the 
mountains.  This  decrease  in  declivity  would  produce  a 
corresponding  decrease  in  velocity.     Hence  lessened  volume 
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and  lessened  velocity  would  work  together  to  produce  depo- 
sition at  a  point  near  the  edge  of  the  disturbed  area. 

If  the  rainfall  were  equably  distributed  the  point  of  dis- 
appearance of  streams  would  gradually  move  nearer  the 
mountains  as  more  material  accumulated.  The  theoretical 
end  of  the  cycle  would  come  when  the  laccolith  became  so 
far  reduced  that  it  could  no  longer  catch  the  moisture,  and 
wind  alone  would  carve  its  surface.  This  old  age  laccolith 
ivould  in  a  general  way  resemble  the  mature  island ;  it  would 
have  slight  elevation,  be  carved  by  radial  valleys,  and 
would  be  surrounded  by  a  cut  plain  sloping  gently  away  on 
all  sides,  this  in  turn  being  surrounded  by  a  built  plain. 
The  whole  would  be  closely  analogous  to  the  sea  level  forms 
of  peneplain  grading  seaward  into  stratified  deposits. 

But  in  the  region  under  consideration  this  ideal  cycle 
probably  never  took  place,  since  it  would  normally  be  inter- 
fered \vith  by  the  two  factors,  unequal  annual  distribution 
of  rainfall  and  wind. 

The  effect  of  the  unequal  distribution  of  rainfall  is  an- 
alogous to  that  of  an  oscillating  coast.  Given  a  coast  that 
is  alternately  rising  and  sinking,  no  peneplain  will  be  pro- 
duced. If  an  approximation  towards  it  develops,  a  slight 
uplift  will  rejuvenate  the  streams  causing  them  to  incise 
steep-sided  channels;  a  slight  sinking  will  drown  the 
streams  and  fill  their  channels  with  deposits. 

Similar  processes  are  normally  going  on  in  the  degrada- 
tion of  a  laccolith.  The  burning  heat  of  summer  pushes 
the  point  of  disappearance  nearer  the  mountains,  and  even 
most  of  the  springs  go  dry.  At  some  uncertain  period  in 
the  fall  or  winter,  rains  come  and  then  torrents  rush  down 
rapidly  cutting  through  the  previously  formed  alluvial  de- 
posits, redepositing  them  farther  out  on  the  plain.  These 
mountain  torrents  often  change  their  courses  entirely  from 
one  season  to  the  next,  the  course  depending  upon  the  more 
or  less  fortuitous  arrangement  of  the  surrounding  alluvial 
material.  Therefore  the  surrounding  conoplain  is  deeply 
scarred  with  arroyos  and  there  are  more  arroyos  than  are 
ever  full  at  any  one  time.  Hence  in  no  stage  of  the  actual 
erosion  cycle  is  the  conoplain  absolutely  flat.  In  all  stages 
it  will  be  cut  by  gillies,  but  surface  inequalities  will  be 
largely  obliterated  by  filling  with  alluvial  deposits. 
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In  the  usual  erosion  cycle  in  a  moist  climate,  deposi- 
tion is  a  mark  of  increasing  age.  There  are  notable  excep- 
tions, but  in  the  typical,  normal  case  a  flood-plain  is  formed 
after  a  considerable  amount  of  down-cutting  has  been  done 
at  the  mouth  of  the  stream.  In  the  laccolithic  cycle  deposi- 
tion takes  place  at  all  stages  and  in  all  places  except  the 
uppermost  slopes.  For  if,  after  a  rain,  a  flood  stream  ex- 
tends its  course  two  miles  onto  the  plain  and  there  dries  up, 
for  the  last  mile  and  a  half  or  so  it  will  have  been  losing 
volume  and  velocity  and  will  have  been  depositing  its 
material  either  as  a  flood  plain  or  as  an  alluvial  fan.  If  a 
few  days  later  it  has  shrunk  in  volume  and  extends  only 
one  mile  onto  the  plain,  its  transporting  power  will  have 
decreased  throughout  its  length  and  deposition  will  be  tak- 
ing place  at  the  edge  of  or  within  the  mountains.  As  the 
stream  continues  to  shrink,  its  transporting  power  decreases 
until  material  is  dropped  well  within  the  mountains.  This 
deposition  of  material  is  a  normal  feature  of  all  stages  of 
the  erosion  cycle,  though  obviously  more  material  will  have 
been  deposited  when  old  age  is  reached  than  in  youth. 

The  form  taken  by  the  alluvial  deposits  is  somewhat 
diffierent  in  the  two  climates.  The  general  process  of  cut 
and  fill  is  the  same  for  both,  but  the  surface  configuration 
differs.  An  old  valley  emptying  into  the  sea  develops  flood 
plains  along  its  lower  course  and  also  a  delta  at  its  mouth. 
These  deposits  are  laid  down  in  standing  or  in  slowly  mov- 
ing water. 

The  banks  of  the  river  are  still  higher  than  its  chan- 
nel and  the  flood  plain  is  a  sort  of  filling  dropped  into  the 
bottom  of  a  curve  concave  upwards.  The  laccolithic  de- 
posits are  as  a  rule  built  up  on  a  flat  with  no  pre-existing 
valley,  and  they  take  the  form  of  alluvial  fans.  The  con- 
fluence of  several  fans  from  neighboring  streams  may 
produce  a  plain. 

In  the  normal  erosion  cycle  in  a  humid  region  the  cross 
section  of  the  valleys  changes  from  a  steep  sided  V  in 
youth,  to  a  gentler  sloped  U  in  maturity.  In  arid  regions 
the  U  shape  never  comes.  If  the  valleys  widen,  it  is  by 
the  retreat  of  nearly  vertical  cliflfs.  The  reason  seems  to 
be  that  moisture  and  its  results,  soil  and  vegetation,  are  at 
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a  minimum,  hence  there  are  no  causes  to  produce  the  soften- 
ing prominent  in  an  eastern  landscape.  And  when  water 
is  present  at  all,  it  comes  in  sufficient  bulk  to  produce  a  tor- 
rent of  large  volume  and  high  velocity.  Such  a  torrent 
anywhere  would  cut  steep-sided  canyons,  provided  only 
that  the  rock  cut  into  is  sufficiently  hard  to  stand  in  cliffs. 
In  many  cases  joints  are  present  which  cause  the  rock  to 
break  off  in  blocks  leaving  cliff  faces.  So  in  the  erosion 
cycle  of  our  laccolith,  the  plain  will  not  only  be  scarred  at 
all  stages,  but  it  will  at  all  stages  be  cut  by  steep-sided 
canyons. 

Another  interference  with  the  ideal  cycle  is  the  wind. 
No  one  who  has  seen  the  whirlwinds  moving  over  the 
deserts  of  Sonora  or  Chihuahua  can  feel  any  doubt  as  to 
the  great  possibilities  of  wind  as  an  erosive  agent.  The 
general  effect  of  wind  upon  a  region  such  as  the  one  under 
consideration  would  be  the  removal  of  fine  material,  thereby 
lowering  the  plains,  the  scarring  of  the  hard  rock  by 
mechanical  abrasion,  and  the  drying  of  the  soil. 

Such  may  be  considered  the  normal  factors  of  erosion, 
but  the  cycle  in  nature  is  usually  interrupted,  or  has  ab- 
normal conditions  at  the  start.  Among  the  interruptions 
may  be  mentioned  vulcanism,  the  presence  of  some  large 
river  flowing  to  the  sea,  and  climatic  changes.  For  if  some 
river  is  near  enough  to  be  reached  by  the  streams,  the  lac- 
colith at  once  becomes  a  part  of  the  drainage  basin  of  that 
river  and  its  cycle  is  limited  by  the  level  of  the  river,  which 
in  turn  is  limited  by  sea  level.  Variations  in  humidity 
would  change  the  position  of  the  point  of  disappearance, 
and  damper  epochs  would  produce  rejuvenation. 

The  actual  laccolith  is  rarely  ideal,  but  usually  consists 
of  several  different  intrusions,  not  necessarilv  circular  in 
outline,  into  strata  not  originally  horizontal,  the  whole  more 
or  less  disturbed  by  faulting.  The  Ortiz  mountains  are 
abnormal  in  all  these  respects.  It  is  no  part  of  the  present 
paper  to  describe  them,  but  only  to  point  out  the  generali- 
ties of  this  process  as  exemplified  in*  them. 

If  it  is  possible  for  a  plain  to  be  cut  at  high  altitude 
in  the  case  of  a  small  and  isolated  laccolith,  the  question 
at  once  arises  as  to  whether  some  similar  process  may  not 
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have  produced  the  broad  areas  of  the  great  plateaus.  It  is 
difficult  of  demonstration,  but  the  impression  is  very  strong 
that  these  plains  are  not  peneplains  cut  at  sea  level,  but 
that  they  were  produced  at  their  present  altitude  by  some 
process  more  or  less  analogous  to  the  preceding. 

Whatever  the  factors  affecting  the  region  as  a  whole, 
there  seems  no  manner  of  doubt  that  the  conoplain  of  the 
Ortiz  has  been  produced  in  some  such  manner.  There  is 
no  evidence  whatever  of  the  presence  of  any  large  lake  or 
sea  that  could  have  afforded  even  a  temporary  baselevel  for 
the  cutting.  Nor  is  there  any  evidence  that  the  country 
has  been  reduced  to  a  lower  level  than  it  has  at  present, 
since  the  Miocene.  We  are  forged  to  the  conclusion  that 
the  sloping  plains  surrounding  mountain  masses  were  cut 
at  their  present  altitude,  and  that  diminishing  volume  was 
the  essential  factor  in  the  cutting. 
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ROCKS  OF  THE   LOWER   NEPONSET  VALLEY, 

MASSACHUSETTS.* 

By  W.  O.  CROSBY.  Boston.  Ma^s. 
INTRODUCTION. 

1^ho  Lower  Xepoiiset  valley,  or  more  specifically,  that 
|)art  of  the  valley  of  the  Xeponset  river  within  the  limits 
of  the  I»oston  basin,  properly  embraces  all  that  part  of- the 
Hosion  basin  between  the  Blue  hills,  a  denuded  anticlinal 
axis  diviclinj::  the  l»oston  basin  from  the  parallel  and  over- 
lai)|)inj^^  tn;ij::b  of  Carboniferous  sedimients  known  as  the 
Xorfolk  basin,  and  the  broad  band  of  conglomerate  extend- 
ing^ wist  ward  from  Savin  hill  on  Dorchester  bay  through 
Dorcliester.  I\oxl)nrv.  West  Roxburv.  Rrookline  and  Xew- 
Ion  into  W'elleslev  and  Xeedham.     This  great  belt  of  con- 


*  Tliis  ',.iir"r  i*5  an  .kIn.i'icc  presentation,  in  outUne,  of  a  portion  ot 
Tart  iv  of  tin-  a  ill  nor' s  dpiailed  and  systematic  study  of  the  GeolOfT 
of  tJi  •  l^ostoM  P.asin  in  cours*;  of  publication  in  the  series  of  OccasioniJ 
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glomerate,  some  three  miles  in*  normal  breadth,  is,  struc- 
turally, one  simple,  flat-topped  and  somewhat  unsymmet- 
rical  anticline,  the  central  and  dominant  arch  of  the  Boston 
basin  (the  Shawmut  anticline),  separated  from  the  Blue 
hills  or  southern  highlands  by  the  Lower  Neponset  valley, 
and  from  the  northern  highlands  by  the  Lower '  Charles 
valley,  each  of  these  main  lateral  valleys  exhibiting,  in  the 
general  view,  a  synclinal  structure,  with  slate  as  the  pre- 
vailing surface  formation,  but  being,  withal,  as  complex  in 
geological  structure  as  the  central  ridge  or  water-parting 
is  simple.  As  thus  defined,  the  Lower  Neponset  valley 
is,  west  of  Boston  harbor,  a  rectangular  area  some 
three  miles  wide  and  eight  to  ten  miles  long,  including,  on 
the  mainland,  small  portions  of  the  towns  of  Canton  and 
Dedham,  the  whole  of  Hyde  Park,  the  northern  half  of  Mil- 
ton and  Quincy  and  the  southern  half  of  West  Roxbury 
and  Dorchester.  It  is  an  area  of  great  topographic  as  well 
as  geologic  complexity,  and  although,  in  general,  low  lying, 
includes,  in  Bellevue  hill,  the  highest  land  within  the  Bos- 
ton basin.  The  district  here  included  in  the  Neponset 
valley  is  not  now  wholly  drained  by  the  Neponset  river, 
this  study  naturally  following  geologic,  more  closely  than 
topographic  or  hyprographic,  boundaries. 

The  Lower  Neponset  valley  is  essentially  an  epitome 
of  the  entire  basin,  since  it  also  consists  of  a  central  anti- 
cline of  conglomerate  bordered  on  either  side  by  a  well- 
defined  slate  syncline.  The  southern  syncline,  extending 
through  Milton  and  Quincy,  widens  rapidly  eastward,  a 
somewhat  open  and  composite  trough,  while  the  northern 
syncline,  extending  through  West  Roxbury  and  Dor- 
chester, is  a  relatively  deep  and  narrow  isocline. 

The  immediate  valley  of  the  Neponset  is  developed  in 
the  complex  and  strongly  denuded  anticline  which  thus 
divides  the  more  southerly  of  the  two  main  troughs  of  the 
Boston  basin,  and  which  narrows  eastward  for  the  simple 
reason  that  the  axis  pitches  or  inclines  in  that  direction. 
The  prevailing  sedimentary  rock  of  this  belt  is  conglom- 
erate, and  the  attitude  or  structure  of  the  conglomerate  as 
a  whole  is  anticlinal.  It  dips  northward  along  the  north- 
ern border,  passing  beneath  the  slate  of  the  deep  and  nar- 
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row  Dorchester-West  Roxbury  syncline;  while  along  the 
southern  border  the  dip  is  southerly  and  the  conglomerate 
passes  below  the  slate  of  the  much  broader  and  composite 
Quincy-Milton  syncline.  That  the  anticline  itself  is  not  a 
simple  arch  is  plainly  indicated  by  the  narrow  band  of  slate 
developed  at  intervals  along  the  middle  of  the  conglomerate 
belt  and  the  existence  of  at  least  two  anticlinal  axes,  pitch- 
ing to  the  east  and  rising  to  the  west,  is  further  indicated 
by  the  fact  that  toward  the  west,  where  erosion  has  cut 
through  the  conglomerate  and  interbedded  flows  of  basic 
lava  wc  have  exposed,  not  one,  but  two,  ridges  of  the  under- 
lying crystalline  rocks — granite  and  felsite — representing 
the  floor  upon  which  the  conglomerate  series  was  deposited. 
These  two  axes  are,  at  most  points,  of  unequal  prominence; 
and  in  their  denuded  western  extensions  the  northern  axis 
largely  predominates  ,  forming  the  broad,  irregular  and 
broken  ridge  projecting  into  the  Boston  basin  from  the 
western  highlands  of  Dedham  and  Needham  and  including 
the  granite,  quartz  porphyry  and  felsite  of  the  Bellevue 
Hill  district  and  the  Stony  Brook  reservation,  the  felsites 
of  the  northern  part  of  Hyde  Park  and  the  felsites  and 
more  basic  lavas  of  the  Mattapan  district  of  Dorchester. 
The  minor  southern  axis  is  seen  in  the  narrow  band  of  fel- 
site and  basic  lava,  lying  mainly  south  of  the  Neponset, 
between  Readville  and  Milton  Lower  Mills. 

( )ver  a  part  of  this  area  several  flows  of  basic  lava  or 
andesite  arc  interstratified  with  the  conglomerate;  and 
during  the  geological  revolution  or  peripd  of  disturbance 
followinj^  the  accumulation  of  these  strata  and  the  formerly 
overlyirijL^  slate  upon  the  old  floor  of  felsite  and  granite, 
they  were  forced  into  a  gigantic  arch  from  one  to  nearly 
three  miles  Inroad.  This  great  fold,  however,  partially 
l>roke  down  in  the  making,  and  its  collapse  was  attended 
by  the  formation  of  the  minor  folds  and  numerous  faults. 
Snhse(|nent  erosion  has  been  so  extensive  as  to  remove  the 
entire  thickness  of  slate  from  the  crest  of  the  great  anti- 
cline, except  where  it  has  been  carried  down  most  deeply 
by  these  minor  folds  and  the  faults,  occurring  now  in  nar- 
row and  discontinuous  belts  wedged  in  between  the  larger 
masses  of  conglomerate.     The  erosion  has  also  been  suffi- 
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cient  to  cut  through  the  conglomerate  series  and  the  inter- 
bedded  andesite,  toward  the  western  end  of  the  arch,  where 
they  were  most  elevated,  and  thus  expose  the  ancient  foun- 
dation of  felsite  and  granite. 

Probably  no  phase  of  this  study  possesses  a  greater  in- 
trinsic interest  than  the  comparison  of  the  denuded  major 
axis  of  the  Neponset  anticline  with  the  Blue  Hills  complex, 
which  is  but  the  denuded  axis  of  the  great  anticline  separ- 
ating the  Boston  and  Norfolk  basins;  and  aside  from  the 
disparity  in  area,  it  is  surprising  to  find  how  marked  is  the 
similarity,  except  in  minor  details,  and  how  few  are  the 
vital  contrasts.  In  general  terms,  it  may  be  stated  that 
hardly  anything  is  precisely  similar  in  the  two  areas  and 
nothing  is  radically  different.  In  the  smaller  area  as  in  the 
larger  we  have  isolated  masses  of  Cambrian  strata  involved 
in  a  complex  of  post-Cambrian  granitic  rocks,  including  the 
normal  granite,  the  contact  zone  of  fine  granite  and  quartz 
porphyry,  the  effusive  felsites  and  the  intersecting  dikes  of 
diabase  of  several  different  systems.  The  chief  contrast  is 
found  in  the  relatively  greater  abundance  in  the  Neponset 
complex  of  the  effusive  felsites,  their  more  varied  character, 
the  great  profusion  of  dikes  of  felsite  in  the  granites,  the 
more  positive  identification  of  some  of  the  principal  vents 
or  points  of  emission  of  these  acid  lavas,  and  the  far  more 
complete  and  clearer  exhibition  of  their  relations  to  the 
later  basic  lavas  and  the  inclosing  Carboniferous  strata. 

Among  the  problems  of  special  interest  presented  by 
the  Neponset  anticline  and,  apparently,  admitting  of  suc- 
cessful determination,  may  be  mentioned :  the  detailed  rela- 
tions of  the  rocks  of  the  basal  complex;  the  mutual  rela- 
tions of  the  acid  and  basic  lavas — rhyolite  (felsite)  and 
andesite ;  and  the  relations  of  both  types  of  volcanics  to  the 

THE  BASAL  COMPLEX. 

The  basal  complex  may  best  be  defined  as  comprising 
all  of  the  pre-Carboniferous  terranes  of  this  region,  both 
sedimentary  and  eruptive;  or  more  specifically,  as  consist- 
ing of  the  Cambrian  strata  and  any  other  pre-Carboniferous 
and  pregranitic  sediments  which  future  investigation  may 
prove  to  exist  here,  together  with  the  intersecting  and 
associated  igneous  rocks  of  pre-Carboniferous  age,  includ- 
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ing  the  normal  granite  or  main  body  of  the  batholite,  and 
its  contact  zones  of  diorite,  fine  granite  and  quartz  por- 
phyry, and  the  dikes,  necks  and  flows  of  acid  lavas  or  fel- 
sites.  As  thus  defined,  the  igneous  part  of  the  complex  is 
clearly  the  product  of  the  chemical  and  textural  differenti- 
ation of  a  single  great  body  of  magma,  embracing,  besides 
the  truly  plutonic  mass  or  batholite  proper,  developed,  with 
its  variable  contact  zone,  under  and  in  the  Cambrian  strata, 
the  intrusive  and  effusive  masses  evolved,  after  extensive 
erosion  of  the  Cambrian  cover,  from  either  still  unsolidified 
or  remelted  deep-seated  portions  of  the  batholite. 

That  the  batholite,  with  the  complicating  sedimentar}* 
and  igneous  phases,  which  gives  it  the  character  of  a  true 
and  typical  complex,  is  continuous  under  all  the  newer 
ff>rmations  of  the  region  and,  in  its  successive  phases,  essen- 
tially contemporaneous  throughout,  is  highly  probable:  and 
the  variations  observed  from  point  to  point  must,  there- 
fore, he  regarded  either,  as  actual  and  due  in  part  to  differ- 
ences in  the  original  magma  resulting  from  the  fusion  of 
the  pre-Cambrian  floor  and  in  large  part,  also,  to  the  vary- 
ing thickness  and  composition  of  the  original  Cambrian 
cover,  or  as  merely  apparent  and  due  to  the  varying  depths 
of  pre-Carboniferous  and  post-Carboniferous  erosion,  or 
a.c:ain,  as  due  to  the  localization  of  the  intrusive  and  effusive 
i)]icn(niu'na  which  followed  the  formation  of  the  batholite 
pn»pc'r,  adding  greatly  to  its  structural  complexity. 

If,  with  these  ideas  in  mind,  we  compare  more  partic- 
ularly than  heretofore  the  portion  of  the  basal  complex 
risincT  westward  from  beneath  the  Carboniferous  sediments 
of  the  Xeponset  valley  with  the  portion  exposed,  as  the 
result  of  still  more  extensive  erosion,  in  the  Blue  Hills  area, 
wc  find  the  uiore  notable  differences  to  be  as  follows:  First. 
the  uoruial  j:jranite  of  the  Neponset  valley  is  prevailingly 
coarser  ^raiurd  and  the  ferromagnesian  constituent  (chiefly 
h(»rul)leu(le)  is  more  generally  and  extensively  altered 
fchloritized).  Second,  the  differentiation  of  the  contact 
zone  appears  to  have  been  almost  wholly  textural.  and  not, 
to  any  important  extent,  chemical,  in  the  Neponset  Valley 
district  ;  and  hence  w^e  find  here  only  traces  of  diorite 
(which  is  also  true  of  the  Blue  hills)  and  nothing  closely 
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corresponding  to  the  basic  porphyry  and  the  basic  phase 
of  the  fine  granite  of  the  Blue  Hills  area.  Third,  the 
effusive  acid  lavas  or  felsites  are,  relatively,  more  abundant 
and  far  more  varied  in  the  Neponset  valley  than  in  the  Blue 
hills.  Fourth,  the  dikes  of  both  acid  and  basic  lavas  so 
characteristic  of  the  basal  complex  in  the  Neponset  valley 
are  practically  or  wholly  wanting  in  the  Blue  hills.  Fifth, 
the  necks  or  actual  vents  of  the  effusive  acid  lavas  are  far 
more  normally  and  typically  developed  in  the  Neponset 
valley  than  in  the  Blue  hills,  while  the  vents  of  the  basic 
lavas  are  wholly  wanting  in  the  latter  area.  Sixth,  the 
dikes  of  diabase,  which  are  found  in  the  eastern  and  north- 
ern parts,  and  are  practically  wanting  in  the  main  range  of 
the  Blue  hills,  are,  in  the  Neponset  valley,  characteristic 
of  all  parts  of  the  complex  as  well  as  of  the  overlying  sedi- 
ments, no  considerable  area  being  free  from  them.  Seventh, 
erosion  has  left  in  the  Neponset  Valley  section  of  the  com- 
plex, so  far  as  it  is  now  exposed,  only  very  scanty  traces  of 
the  original  Cambrian  cover. 

GENERAL  HISTORY  OF  THE  COMPLEX. 

After  what  precedes  a  brief  statement  will  suffice  here, 
the  main  purpose  being  a  more  systematic  outline,  pref- 
atory to  the  lithologic  and  structural  details  of  the  com- 
plex. As  in  the  Blue  Hills  area,  this  area  or  part  of  the 
general  batholite  of  eastern  Massachusetts  is  believed  to 
have  been  developed  beneath  a  great  thickness  of  Cambrian, 
and  possibly  of  later,  sediments,  of  which  erosion  has  left 
only  a  few  highly  altered  remnants.  The  thickness  of  the 
Cambrian  cover  was  due  primarily  to  extensive  sedimenta- 
tion and  secondarily  and  chiefly  to  severe  or  isoclinal  plica- 
tion. The  thickening  of  the  super-crust  thus  determined 
was  sufficient  to  induce -a  rise  of  the  isogeothei:ms,  an  out- 
flow of  the  subterranean  heat,  so  marked  as  to  involve  soft- 
ening and  final  fusion  of  the  sub-crust  or  floor  on  which 
the  Cambrian  sediments  were  deposited,  developing  thus  a 
great  body  of  granitic  magma,  the  corrosive  action  of  which 
led  to  the  absorption  of  considerable  volumes  of  the  sedi- 
mentary cover  and  gave  rise,  no  doubt,  to  the  normally 
highly  irregular  and  unconformable  contact. 

This  thickening  of  the  super-crust  and  consequent  great 
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heat  invasion  was,  doubtless,  accompanied  by  a  strong  ele- 
vation of  the  surface,  permitting  extensive  erosion,  which, 
in  turn,  favored  the  refrigeration  of  the  batholite  and  the 
development  from  the  originally  homogeneous  magma  of  a 
vast  body  of  normal  granite,  with  a  contact  zone  consisting, 
normally,  of  an  inner  layer  of  fine  granite  and  an  outer 
layer  of  quartz  porphyry,  both  phases  of  the  contact  zone 
being  the  products  mainly  of  a  textural  rather  than  a  chem- 
ical differentiation  of  the  magma. 

Long  continued  erosion,  removing  in  large  part  the 
sedimentary  cover  of  the  batholite  and  probably  cutting  at 
some  points  through  its  contact  zone  into  the  normal  gran- 
ite, was  followed  by  a  period  of  volcanic  activity,  due  pos- 
sibly to  cracking  and  hydration  of  the  body  of  the  batholite, 
during  which,  acid  lava,  chiefly  rhyolite,  now  existing  in 
a  devitrified  form  as  aporhyolite  or  felsite,  was  poured  out 
over  the  eroded  surface  of  the  batholite.  Several  of  the 
volcanic  necks  or  vents  of  these  effusive  eruptions  have 
been  definitely  located  and  their  details  of  form  and  struc- 
ture more  or  less  fully  worked  out.  From  the  vents  or» 
chimneys  of  these  most  ancient  volcanoes  of  the  Boston 
basin  radial  dikes  of  felsite  extend  outward  into  the  granitic 
rocks.  As  a  chronologically  distinct  record,  the  complex 
was  now  complete :  but  it  was  destined  to  be  still  further 
complicated;  for  these  effusive  acid  eruptions  appear  to 
have  marked  the  beginning  of  the  progressive  subsidence 
which  inaugurated  the  deposition  of  the  Carboniferous 
sedin?ents,  beginning  with  the  great  conglomerate  series; 
and  durihg  the  subsidence '  and  clastic  sedimentation  the 
effusive  eruptions  continued,  but  became  of  more  bksic 
character — grading  from  rhyolite  through  trachyte  to  an- 
desite,  which  in  its  present  altered  form  as  apoandesite  or 
porphyrite  has  been  heretofore  classed  as  melaphyre,  but 
is  now  known  to  be  less  basic  than  that  type.  The  ande- 
sitic  eruptions,  from,  presumably,  greater  depths  than  the 
source  of  the  acid  lavas,  are  marked  by  fissurelike  necks, 
by  numerous  dikes  cutting  all  the  oldjer  rocks,  and  espec- 
ially by  successive  massive  flows  or  contemporaneous  beds 
intercalated  in  the  conglomerate  series. 

The  volcanic  activity  finally  ceased  and  continued  sub- 
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sidence  introduced  the  deep  water  conditions  permitting  the 
deposition  of  the  slate  series  into  which  the  conglomerate 
series  gradually  merges  upward.  The  deposition  of  the 
slate  series  was  closed,  it  is  supposed,  by  the  Appalachian 
revolution,  during  which  the  Carboniferous  sediments  were 
strongly  folded  and  faulted  and  injected  by  still  more  basic 
magma  from,  possibly,  still  greater  depths,  forming  the 
older  or  east-west  series  of  diabase  dikes,  now  largely  chlo- 
ritized  or  typical  greenstone.  Still  later,  and  probably  con- 
temporaneously with  the  Triassic  sedimentation  and  ac- 
companying igneous  activity  in  the  Connecticut  valley, 
were  formed  the  diabase  dikes  of  the  newer  or  north-south 
series. 

With  this  the  rock  formations  of  the  Neponset  valley 
were  complete,  and  its  latei;  geological  history  is  recorded 
only  in  the  erosion  accomplished  during  later  Mesozoic 
and  Tertiary  ages  and  culminating  in  the  great  ice  invasion 
of  post-Tertiary  or  Pleistocene  time. 

THE  CAMBRIAN  STRATA. 

The  existing  small  remnants,  the  larger  less  than  a 
thousand  feet  long,  of  the  body  of  Cambrian  strata  which 
we  suppose  to  have  once  formed  a  continuous  cover  over 
the  batholite  in  the  Neponset  valley,  as  in  other  parts  of  the 
Boston  basin,  appear  to  be  confined  to  the  vicinity  of  the 
Boston  and  Hyde  Park  boundary,  in  the  eastern  part  of  the 
Stony  Brook  reservation  and  the  immediately  contiguous 
territorv. 

The  sedimentary  rock,  of  supposed  Cambrian  age,  is  all 
slate,  of  a  uniformly  massive,  hard  and  distinctly  meta- 
morphic  character.  The  prevailing  color  is  dark  gray;  but 
it  varies  to  lighter  shades;  and  very  generally  the  rock  is 
perceptibly  veined  or  clouded  with  the  green  of  epidote, 
indicating  that  the  slate  was,  originally,  more  or  less  cal- 
careous, the  lime  having  as  an  essential  phase  of  the  igne- 
ous matamorphism,  combined  with  the  alumina  and  silica 
of  the  slate  to  form  epidote.  This  feature  allies  it  with  the 
I^ower  Cambrian  slates  of  Weymouth,  Quincy,  Xahant, 
etc. :  but  in  other  respects  it  bears  a  striking  resemblance  to 
the  massive,  gray,  non-calcareous  Middle  Cambrian  slates, 
as  these  are  developed  on  Hayward  creek  in  Braintree  and 
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along  the  north  side  of  the  Blue  hills.  It  exhibits  in  a  good 
degree  the  characters  of  a  true  hornstone;  but  it  is  no- 
where of  flinty  hardness ;  and  the  fact  that  it  is  never  visibly 
micaceous  testifles  to  the  essentially  non-alkaline  character 
of  the  sediment.  As  a  rule,  the  stratification  is  hopelessly 
obscure ;  but  at  a  few  points,  which  are  so  distributed  as  to 
cover  practically  the  entire  group  of  ledges,  it  is  fairly  dis- 
tinct and  entirety  unequivocal.  The  attitude  of  the  bed- 
ding is,  as  usual  in  the  Cambrian  of  the  Boston  basin,  very 
constant,  with  east-west  strike  and  vertical  dip. 

The  essential  relation  of  these  sediments  to  the  com- 
plex is  clearly  indicated,  not  alone  by  their  metamorphic 
character,  but  also  by  typical  igneous  contacts  with  the 
fine  granite  and  quartz  porphyry  of  the  contact  zone,  and 
irregular  dikes  or  apophyses  of  the  quartz  porphyry  and 
more  regular  dikes  of  normal  felsite. 

BODY  OF  THE  BATHOUTB. 

A^ormal  Granite — This  is  a  coarsely  crystalline  aggre- 
gate of  feldspar  and  quartz,  chiefly,  with  a  small  propor- 
tion of  a  dark  constituent  regarded  by  Dr.  Bascom  as  chlo- 
ritized  amphibole.  The  feldspars,  according  to  this  author- 
ity, include  orthoclase,  commonly  of  a  pinkish  tint  due  to 
oxidation,  and  a  lime-bearing  albite  in  which  the  greenish 
tint  due  to  epidotization  is  more  or  less  marked.  The  an- 
alysis shows  an  acid  rock,  similar  to  the  normal  granite  of 
the  Blue  hills,  but  rather  more  basic  and  richer  in  plagio- 
clase,  though  poorer  in  the  ferrp-magnesian  constituent. 

The  outcrops  of  normal  granite  are  chiefly  confined 
to  two  rather  irregular  areas;  and  the  general  relations  of 
these  to  the  complex  is  not  central,  as  might  seem  most 
natural,  but  peripheral.  They  form,  respectively,  the 
northern  and  southwestern  borders  of  the  complex,  and 
converge  but,  apparently,  do  not  meet,  to  the  northwest- 
ward, in  the  vicinity  of  Grove  and  Center  streets.  The  dis- 
positions of  the  normal  granite  is  such  as  to  suggest  at 
once  a  general  monoclinal  or  shallow  synclinal  structure  for 
the  complex, — the  surface  of  the  normal  granite  forming  a 
trough  the  axis  of  which  pitches  to  the  southeast,  thus 
allowing  the  normal  granite  to  slope  southward  and  north- 
eatsward  beneath  the  contact     zone    of    fine     granite  and 


Relations  of  the  Igneous  Rocks—Crosby.  45 

quartz  porphyry  and  a  great  thickness  of  volcanic  and  sedir 
mentary  formations.  In  the  direction  of  its  disappearance 
the  normal  granite  does  not  reappear  north  of  the  Blue 
hills;  and  undoubtedly  its  disposition,  especially  in  relatioa 
to  the  unaltered  sedimentary  formations  which  meet  it  ab- 
ruptly on  the  north,  in  the  West  Roxbury  district,  finds  its 
readiest  explanation  in  a  profound  displacement  along  the 
northern  border  of  the  complex,  with  the  downthrow,  of 
course,  to  the  north. 

The  normal  granite  is  observed  at  many  points  to 
grade  upward  into  the  fine  granite  by  which  it  is  bordered; 
and  its  surface  continuity  is  frequently  interrupted  by 
island-like  outliers  of  the  fine  granite.  These  relations  are 
particularly  well-exhibited  in  the  broad  and  massive  ledges 
in  the  area  bounded  by  Washington,  Grove  and  Center 
streets  and  Cottage  avenue;  and  nowhere  more  favorably 
than  in  the  vicinity  of  the  large  quarry  on  Cottage  avenue, 
northwest  of  Washington  street. 

CONTACT  ZONE  OF  THE  BATHOUTE. 

Fine  Granite — The  chief  difference  between  this  type 
and  the  normal  granite  is  textural.  The  essential  minerals, 
according  to  Dr.  Bascom,  are  the  same,  with  the  addition 
of  a  little  microcline  and  oligoclase  to  the  feldspars. 
Quartz  is  reported  as  more  abundant,  and  the  chloritized 
ferromagnesian  constituent  as  less  so,  and  these  distinctions 
are  confirmed  by  the  analysis,  which  shows  higher  silica 
and  lower  lime,  magnesia  and  iron. 

The  fine  granite  belongs  to  the  contact  zone  and  hence 
Qverlies  the  normal  granite.  It  might,  therefore,  where 
not  removed  by  erosion,  be  expected  to  exhibit  a  broad 
areal  development,  but  for  the  fact  that  it  is,  in  turn,  cov- 
ered by  the  quartz  porphyry  phase  of  the  contact  zone.  In 
harmony  with  this  general  relation  and  the  shallow  syn- 
clinal structure  of  this  part  of  the  batholitc,  the  principal 
area  of  the  fine  granite  takes  the  form  of  an  irregular  V- 
shaped  belt,  1000  to  3000  feet  wide,  separating  the  normal 
grranite  on  the  north  and  southwest,  from  the  quartz  por- 
phyry on  the  south  and  northeast,  respectively. 

As  to  the  thickness  of  the  fine  granite,  we  have  no  verjr 
definite  clue.       No  approximately  vertical    or    continuous 
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section  shows  both  the  normal  granite  below  the  fine  granite 
and  the  quartz  porphyry  above  it.  In  other  words,  we 
have  no  data  for  a  direct  determination  of  the  thickness, 
save  that  it  must  exceed  the  hight  of  the  highest  hill  com- 
posed wholly  of  the  fine  granite,  or  say  75  feet.  It  would 
be  readily  deducible  from  the  surface  breadth  if  the  dip 
were  known.  Assuming  the  dip  to  be  low  and  inversely 
proportional  to  the  surface  breadth,  gives  a  maximum  thick- 
ness of  a  few  hundred  feet  at  the  most;  and  100  to  200  feet 
may,  perhaps,  be  accepted  as  a  conservative  estimate,  con- 
firming the  conclusions  reached  in  the  study  of  the  Blue 
Hills  complex. 

The  finer  granite  of  the  contact  zone  is,  in  a  fair  sense, 
a  bed  of  passage,  since  it  grades  downward  into  the  nor- 
mal granite  and  upward  into  the  quartz  porphyry;  and, 
normally,  its  original  contacts  are  nowhere  sharply  de- 
fined, but  distinctly  blending.  It  may  be  noted,  however, 
that,  as  in  the  Blue  Hills  complex,  the  contact  with  the 
normal  granite,  though  blending,  is  rather  abrupt,  the  com- 
plete transition  from  the  one  rock  to  the  other  being  ac- 
passage  upward  into  the  quartz  porphyry  is  usually  more 
or,  possibly,  in  extreme  cases,  a  single  foot.  Although  the 
complished  in  some  exposures  in  the  breadth  of  a  few  feet 
sedimentary  rocks. 

<j:ra(lnal.  all  observers  must  recognize  that  the  fine  granite. 
so  far  from  being  all  gradation,  is  chiefly  remarkable  for  the 
iiniforniity  of  texture  throughout  almost  its  entire  thick- 
ness. In  fact,  it  rivals  the  normal  granite  in  this  respect. 
Locally,  and  especially  near  the  quartz  porphyry,  it  may 
pass  into  a  true  microgranite ;  but  it  is  in  general  a  macro- 
c:raiiiie  of  very  homogeneous  aspect.*  That  the  fine  granite 
is  older  than  the  normal  granite  and  younger  than  the 
(juartz  porphyry,  and  that  these  three  distinct  but  blend- 
ing sedentary  zones  of  the  batholite  exhibit  the  structu^l 
relations  which  this  sequence  requires,  will  probably  not  be 
(juestioned  by  those  familiar  with  the  field  evidence. 


•  TIm-  .'xpl.ui.itions  of  the  homogeneity  of  the  fine  granite  and  iti 
ahnipt  y«t  blj-miin^?  passaprt;  into  the  normal  granite  su^Kested  In  Part 
III.  nf  th«-  Hi»stoii  Hasin  Gt'ologry  COccas.  Papers,  Boston  80c.  Nat. 
Histoiy.    iv.  3.r>4  et   soq.)   are   still   icgrarded   as  valid,   and   as   applicable 

III    this    now    field. 
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Quartz  Porphyry — This  upper  or  peripheral  member 
of  the  contact  zone  has  been  designated  by  Dr.  Bascom  the 
rhyolitic  facies  of  the  granite  or  more  succinctly  rhyolite^ 
and  more  explicitly  porphyritic  aporhyolite;  and  for  this 
usage  the  petrographic  characters  undoubtedly  afford 
ample  warrant.  But  in  order  the  more  sharply  to  distin- 
guish this  essentially  plutonic  type  from  the  much  younger 
and  very  dissimilar  intrusive  and  effusive  rhyolites,  it  is 
proposed  to  employ  here  the  good  descriptive  term  quartz 
porphyry.  The  rock  in  question  is  in  every  instance  a  true 
quartz  porphyry,  with  conspicuous  phenocrysts  of  both 
quartz  and  feldspar;  and,  as  befits  its  plutonic  origin,  it  is 
of  remarkably  uniform  character,  matching  the  granites  in 
this  respect ;  while  the  clastic,  fluidal  and  spherulitic  struc- 
tures so  characteristic  of  the  newer  rhyolites  are  conspic- 
uous by  their  absence.  Such  variation  as  the  quartz  por- 
phyry shows  is  due  chiefly  to  its  gradation  downward  into 
the  fine  granite ;  and,  as  Dr.  Bascom  has  noted,  its  texture, 
though  aphanitic,  allies  it  with  the  microgranitic  phase  of 
the  fine  granite,  and  unlike  the  younger  rhyolites  it. is  rarely 
truly  cryptocrystalHne. 

In  its  distribution  the  quartz  porphyry  tends  to  form 
a  V-shaped  zone  concentric  with  the  fine  granite,  and  sepa- 
rating the  underlying  fine  granite  from  the  overlying 
effusive  rhyolite  or  felsite.  The  lower  border  of  the  quartz 
porphyry  is  rendered  rather  vague  and  indefinite  at  most 
points  by  its  blending  contact  with  the  fine  granite.  The 
upper  border,  on  the  other  hand,  where  the  quartz  por- 
phyry meets  the  effusive  rhyolites  or  felsites  is,  in  the  na- 
ture of  the  case,  sufficiently  definite  but  highly  irregular, 
since  we  have  here  a  true  erosion  unconformity,  and  two 
formations,  although  of  closely  similar  composition  and 
probably  derived  from  the  same  original  magma,  are  strong- 
ly contrasted  in  structure  and  widely  separated  in  geolo- 
gical time. 

Summary  and  Comparison — Neglecting  unimportant 
occurrences  of  diorite  and  aplite,  which  may  be  described, 
respectively,  as  relatively  basic  and  relatively  acid  phases 
or  segregations  of  the  normal  granite,  and  hence  as  pro- 
ducts of  a  chemical  differentiation    of     the  main  body  or 
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primal  magma  of  the  batholite,  we  have  now  considered  all 
of  the  sedentary  or  truly  plutonic  rocks  of  the  batholite. 
These  have  been  described  in  the  order  of  superposition, 
which  is,  of  course,  the  inverse  order  of  age,  since  the  re- 
frigeration of  the  batholite  must  have  progressed  from  the 
periphery  downward  or  centripetally.  That  the  differenti- 
ation of  the  normal  granite  and  the  contact  zone,  and  the 
further  differentiation  of  the  fine  granite  and  quartz  por- 
phyry of  the  contact  zone,  are  not  wholly  textural  is,  as 
noted  by  Dr.  Bascom,  clearly  shown  by  analyses,  according 
to  which  the  normal  granite  is  the  most  basic  and  the  fine 
granite  the  most  acid,  while  the  quartz  porphyry  is  inter- 
mediate in  composition,  although  not  so  in  position.  By 
way  of  explanatioA  of  this  chemical  relation.  Dr.  Bascom 
has  suggested  that  specific  gravity  and  convective  currents 
may  have  been  factors  in  producing  a  somewhat  more  acid 
peripheral  zone  to  the  batholite,  while  the  outer  or  quartz 
porphyr\'  border  to  this  zone,  following  the  general  law 
of  the  order  of  crystallization  (virtually  fractional  crystalli- 
zation), by  its  earlier  crystallization  left  the  inner  portion 
of  the  zone  or  fine  granite  more  acid  than  either  the  quartz 
porphyry  or  normal  granite.  To  this  explanation  may, 
l)erhaps,  be  added  the  influence  of  hydration.  It  appears 
Tcasoiiable  to  suppose  that  the  primal  magma  of  the  batho- 
lite, fornuHl  under  a  thick  and,  necessarily,  a  hydrated  sedi- 
mentary cover,  and  due  in  part  to  the  absorption  of  large 
volnnies  of  this  cover,  would  naturally  be  more  highly 
hvflrated  in  its  superficial  than  in  its  deep-seated  portions; 
aii<l  since  the  characteristic  elements  of  an  acid  mag^a,  in- 
cludini::  silica  and  the  alkalies,  have  a  stronger  affinity  for 
water  than  have  the  lime,  magnesia  and  iron  oxide  charac- 
teristic of  basic  magmas,  we  have  here  a  cause  tending  to 
keep,  if  not  to  make,  the  batholite  superficially  acid. 

Tliat,  in  comparison  with  the  granitic  rocks  of  other 
districts,  this  part  of  the  batholite  was  formed  under  a 
moderate  depth  of  cover,  is  believed  to  be  indicated  by  the 
relatively  slight  amount  of  chemical  differentiation,  by  the 
absence  of  an  orij^inal  micaceous  constituent,  and  especially 
by  the  almost  entire  absence  of  a  pegmatitic  phase  in  the 
normal  granite.     The  absence  of  marked  differentiation  ex- 
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tends,  in  the  main,  to  the  earlier  intrusions  in  the  batholite, 
since,  with  one  exception,  these  are  relatively  acid,  and 
differ  but  little  in  composition  from  the  sedentary  members 
of  the  batholite. 

(Continued  in  August  Number.) 


EDITORIAL  COMMENT. 


ANOrHBR  MBTBORItE  IN  THE  SUPREME  COURT. 

It  was  decided  by  the  Iowa  supreme  court,  in  the  case 
of  the  Winnebago  meteorite,  that  the  meteorite  belongs  to 
the  owner  of  the  land  on  which  it  falls.  The  tenant  found 
the  stone  and  sold  it.  The  owner  brought  suit  to  regain  it, 
and  after  some  years  of  litigation  and  delay  the  court 
assigned  the  meteorite  to  the  owner  of  the  land. 

The  Oregon  meteorite  case  is  somewhat  different.  A 
metallic  mass  is  admitted  by  both  parties  to  be  of  meteoric 
nature  and  origin,  and  as  such,  according  to  the  Iowa  de- 
cision, it  belongs  to  the  owner  of  the  land  on  which  it  fell. 
The  date  of  its  fall  however  is  unknown,  and  there  is  evi- 
dence tending  to  show  that  it  was  a  piece  of  personal  prop- 
erty, separate  from  the  land  on  which  it  was  found,  for 
many  years  prior  to  the  date  of  discovery.  The  issue  and 
the  attendant  conditions  have  been  stated  as  follows  by  the 
Oregon  /ournal: 

The  Oregon  City  meteorite  case  was  argued  before  the  supreme 
court  yesterday.  This  is  an  action  brought  by  the  Oregon  Iron  & 
Steel  company  to  obtain  possession  of  the  metallic  meteorite  found 
by  Ellis  Hughes  in  November,  1902,  on  the  land  of  the  Oregon  Iron 
ft  Steel  company,  about  two  and  a  half  miles  west  of  Oregon  City. 
The  interesting  subject  of  this  controversy  was  found  standing  up- 
right on  a  slight  knoll.  It  is  of  metallic  composition,  with  a  dull, 
rusty  surface,  its  top  or  flat  surface  being  gouged  out  into  huge  pot- 
holes or  washbowls.  As  it  stood  it  resembled  very  much  in  ap- 
pearance a  mammoth  mushroom  or  inverted  bell,  in  size  seven  by 
ten  feet  across  at  the  top,  and  four  and  a  half  feet  thick,  its  weight 
being  estimated  at  from  three  to  four  tons.  It  has  the  speclflc 
gravity  of  soft  iron,  and  in  composition  is  90  per  cent  soft  iron,  10 
per  cent  nickel,  with  a  trace  of  cobalt. 

Hughes  alleged  that  this  was  an  abandoned  Indian  relic  and 
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that  he  was  the  first  white  discoverer  of  it  and,  believing  he  had 
a  right  to  it,  he  constructed  a  rude  wagon  and  hauled  it  to  his 
own  home,  about  three-quarters  of  a  mile  distant.  He  alleged  that 
this  meteorite  was  the  property  of  the  Clackamas  tribe  of  Indians 
(now  disbanded  and  nearly  all  dead),  and  that  they  had  a  tradition 
that  this  magic  rock,  called  by  them  "Tomanowos,"  came  from  the 
moon,  and  possossed  supemature,l  infljience.  He  claimed  that  it 
was  fashioned,  erected,  maintained  and  used  by  them  to  hold  the 
fluid  in  which  they  were  wont  to  dip  their  arrows  before  engaging 
in  battle  with  their  Indisfh  foes,  and  that  their  young  warriors  were 
compelled  to  Journey  over  there  and  visit  this  spirit  being  on  the 
darkest  nights.  To  substantiate  these  claims  two  Indian  witnesses 
were  produced,  who  testified  that  the  above  facts  were  true, 
according  to  the  legends  of  their  tribes.  One  of  them  was  a  mem- 
ber of  the  Klickitat  tribe  of  Indians  and  the  other  was  a  Wasco 
Indian. 

Both  parties  to  this  case  agree  that  the.  object  is  a  meteorite, 
but  no  proof  has  been  offered  by  either  to  show,  when  it  arrived  on 
earth.  The  Oregon  Iron  &  Steel  company  denies  that  it  is  an 
Indian  relic,  and  claims  title  to  it  by.  virtue  of  ownership  of  the 
land  upon  which  it  was  found. 

It  may  safely  be  assumed,  probably,  that  this  iron  fell 
on  the  land  where  it  was  found,  although  there  is  no  proof 
of  it.  The  Indians  who  previously  visited  and  worshipped 
it  could  not  have  transported  it.  If  they  had  ownership  of 
the  land  they  owned  the  specimen.  As  they  did  not  remove 
it,  when  the  land  passed  from  them  it  would  seem  that  the 
meteorite  went  with  the  land.  But  the  consideration  that 
they  had  used  it  as  a  special  object,  for  a  special  purpose, 
foreign  to  the  uses  to  .which  land  as  such  is  devoted  seems 
to  make  it  an  object  of  personal  property.  They  may  have 
erected  it  in  the  position  in  which  it  stood,  and  may  have 
deepened  the  "potholes"  on  its  upper  surface.  If  a  man 
sculptures  a  statue  from  some  rock  on  his  land,  when  he 
sells  the  land  the  statue  does  not  go  with  the  land.  If  the 
Clackamas  Indians  did  not  own  the  land,  and  yet  visited 
and  controlled  the  specimen  for  a  specific  use  without  ob- 
jection from  others,  it  seems  reasonable  to  assume  that  the 
specimen  was  not  an  appurtenance  of  the  land  and  that 
they  had  the  right  to  remove  it.  If  they  abandoned  it, 
without  removal,  it  seems  to  belong  to  that  class  of  Indian 
relics  of  which  many  examples  are  known  and  which  the 
finder,  rightly  or  wrongly,  becomes  the  owner. 

If  the  specimen  is  an  Indian  relic  the  ownership  thereof 
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may  still  be  in  the  owner  of  the  land.  He  is  a  trespasser 
who  wilfully  passes  on  to  his  neighbor's  domain ;  and  he  is 
still  more  a  trespasser  if  he  removes,  against  the  owner's 
protest,  any  of  the  property  of  his  neighbor.  N.  H.  w. 

Note. — Since  the  foregoing  was  written  the  Oregon 
supreme  court  has  decided  this  case,  as  follows,  as  published 

in  the  Portland  Oregonian: 

Oregon  Iron  and  Steel  Company,  respondent,  vs.  Bills  Hughes, 
appellant,  from  Clackamas  county,  T.  A.  McBrlde,  judge;  affirmed; 
opinion  by  Chief  Justice  Wolverton. 

Held,  that  a  meteoric  rock  is  a  part  of  the  real  property  upon 
which  it  falls,  and  evidence  that  Indians  worshipped  the  rock  and 
dipped  their  arrows  in  the  water  held  in  its  cavities  is  not  suf- 
ficient to  show  that  the  Indians  had  dug  the  rock  from  the  ground 
and  acquired  title  to  it  as  personal  property.  The  question 
whether  Indian  ownership  and  abandonment  is  sufficient  ground 
upon  which  to  predicate  title  in  the  finder  is  not  decided. 

The  court  did  not  consider  the  evidence  as  to  the 
ownership  of  the  specimen  as  personal  property  by  the 
Indians  of  sufficient  force  to  warrant  the  reference  of  the 
case  to  a  jury  for  determination.  That  evidence  failing, 
there  was  left  the  bare  question  as  to  whether  the  meteorite 
belonged  to  the  real  estate  or  to  the  finder.  In  that  the 
Oregon  court  coincided  with  the  Iowa  court  /«  r^  Winne- 
bago meteorite.  N.  H.  w. 
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CoDtributions  to  DeroDian  Pakontology,  1903.     Henry  Shaler  WU- 

liams  and  Edward  M.  Kindle.    Bull.  U.  S.  Geol.  Surv.,  No.  244, 

1905,  pp.  M44. 
Bearing-  of  Some  New  Paleontologic  Facts   on   Nomenclature    and 
ClaasiBcatton   of  Sedimentary   P'ormations.     Henry  Shaler  Wil* 

liams.  Bull.  Gcol.  Soc.  Amer.,  Vol.  16,  March,  1905,  pp.  137-150. 

Bulletin  No.  244  consists  of  two  parts.  No.  I.  listing  and  dis- 
cnssing  "Fossil  faunair  of  the  Devonian  and  Mississippian  (Lower 
Carboniferous)  of  Virginia,  West  Virginia  and  Kentucky,"  while 
part  IT.  considers  in  a  similar  manner  the  "Fossil  faunas  of  Devon- 
lAB  sections  in  central  and  northern  Pennsylvania."  A  large  num- 
ber of  sections  in    Kentucky,    Virginia    and    West    Virginia  are 
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described  by  Dr.  Kindle  and  accompanied  by  lists  of  fossils  of  the 
various  faunules.  The  above  is  followed  by  a  series  of  short 
articles,  among  which  may  be  mentioned  "Correlations/'  **The  Rens- 
selaeria  fauna/'  "The  black  shale  and  Its  fauna/'  "The  upper  De- 
vonian faunas  of  the  middle  Appalachians"  and  a  "List  of  diagnostic 
Chemung  species"  by  professor  Williams.  In  part  II.  the  descrip- 
tions of  the  sections  in  central  and  northern*  Pennsylvania  are 
mainly  by  Dr.  Kindle;  but  the  formational  and  faunal  correlation 
is  considered  much  more  fully  than  in  the  preceding  part  by  both 
Kindle  and  Williams. 

These  two  papers  have  recently  been  reviewed  by  professor 
Schuchert*  who  considered  critically  the  lower  Devonian,  or  the 
Heldcrbergian  and  Oriskanian  series.  It  appears  that  similar  notes 
concerning  the  middle  and  upper  Devonian,  to  which  this  review 
will  be  largely  restricted,  might  be  of  value. 

Professor  Schuchert  seems  Inclined  to  question  the  identification 
of  Anoplothcca  acutiplicata  from  the  black  shale  near  Covington 
and  Hot  Springs,  Virginia.  The  writer  considers  that  the  identi- 
fication is  probably  correct,  for  the  same  species  occurs  near  the 
base  of  the  black  shale  or  Marcellus  member  of  the  Romney  forma- 
tion in  western  Maryland.  The  Maryland  specimens  were  exam- 
ined by  Dr.  John  M.  Clarke  so  that  no  question  can  be  raised  re- 
garding their  specific  identity.  From  the  occurrence  of  the  above 
spocios  and  Anoplia  associated  with  others  which  are  "regarded  as 
confined  to  the  Marcellus  shale  of  New  York"  professor  Williams 
concludes  "that  the  black  shale  was  deposited  in  a  thick  mass  in 
the  A])i)alachian  trough  before  the  fauna  of  the  Onondaga  (Comi- 
ferous)  formation  was  extinct/'  In  connectibn  with  the  above  it  is 
wt'll  to  nnicniber  that  the  Onondaga  fauna  entered  New  York  from 
the  west  and.  generally,  is  supposed  to  have  reached  no  farther 
south  than  northeastern  Pennsylvania.  Dr.  Clarke  has  shown  that 
"early  Marcelhis  denosits  in  eastern  New  York  were  ♦  ♦  ♦  con- 
leniporaneous  with  late  Onondaga  deposits  in  western  New  York.'t 

On  i»a/;e  4r»  of  the  Bulletin  professor  Williams  speaks  of  the 
Romney  formation  as  though  it  were  composed  -entirely  of  black 
shale  and  this  idea  is  expressed  by  him  more  distinctly  in  the 
second  ])ai)er  under  consideration.  The  term  Romney  formation 
was  first  i)ul)lished  by  Mr.  Darton  in  1892  in  this  Journal  and  was 
applied  to  the  rocks  in  the  vicinity  of  Romney,  a  town  scarcely  15 
miles  south  of  the  Potomac  river  in  Hampshire  county  In  the  north- 
ern part  of  West  Virginia.  It  is  located  within  the  Potomac  basin 
and  there  is  very  slight  change  in  the  lithology  or  fauna  of  the 
deposits  in  wi>stern  Maryland  to  which  this  name  has  subsequently 
b(>en  applied.  The  writer  has  shown  that  both  on  lithological  and 
faunal  grotmds  the  Romney  formation  of  northern  West  Virginia 
and  western  Maryland  may  be  divided  into  two  members.  The 
lower  one  is  comilosed  principally  of  fissile  black  shale,  weathering 
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to  a  brownish  or  buff  color,  together  with  some  bands  of  dark-colored 
thin  limestone,  with  a  total  thickness  of  about  500  feet.  The  lime- 
■tones  contain  Agoniatitcs  expansvs  (Vanuxem)  which  is  so  char- 
acteristic of  a  thin  limestone  in  the  lower  part  of  the  Marcellus 
shale  in  New  York  that  its  generic  name  has  been  given  to  it,  while 
the  black  shales  contain  numerous  specimens  of  Liorhyncbus  limi- 
tare  (Vanuxem)  and  some  other  species  which  are  regarded  as 
characteristic  of  the  New  York  Marcellus  shale.  In  a  general  way 
this  member  corresponds  with  the  Marcellus  shale  of  New  York 
with  which  it  has  been  correlated.  The  upper  member  is  composed 
of  bluish  or  bluish-gray  shales  and  sandstones  with  an  approximate 
thickness  of  1,100  feet.  This  member  contains  numerous  specimens 
of  characteristic  Hamilton  species  of  New  York  and  frequently  the 
entire  16  species  which  professor  Williams  has  previously  listed  as 
the  "dominant  species  of  the  Hamilton  formation  of  eastern  New 
York  and  Pennsylvania.''  Evidence  indicates  that  the  deposits  of 
the  Romney  formation  in  Maryland  apparently  closed  at  about  the 
same  geological  time  as  the  Hamilton  beds  of  New  York,  and  in  a 
general  way  this  member  has  been  correlated  with  the  Hamilton 
beds  of  New  York.  It  is  not  intended  to  state  that  the  limits  of 
the  Romney  formation  in  northern  West  Virginia  and  Maryland  are 
exactly  contemporaneous  with  the  limits  of  the  Erian  series  of  New 
York;  but  there  is  a  striking  similarity  in  most  details  and  it  is 
believed  that  there  is  no  serious  error  in  this  general  correlation. 
The  deposits,  called  Romney  shale,  which  professor  Williams 
has  studied  in  the  field,  their  fossils  in  the  laboratory,  and ,  dis- 
cussed in  Bulletin  No.  244  are  located  in  southern  Virginia  and 
eastern  Kentucky.  These  collections  later  were  supplemented  by 
others  made  by  Dr.  Kindle  in  Kentucky,  Virginia  and  southern 
West  Virginia.  It  appears,  however,  that  the  locality  farthest 
north  from  which  collections  were  made  is  110  miles  or  more  to  the 
southwest  of  Romney  and,  apparently,  the  nearest  outcrops  of  the 
so-called  Romney  shale  which  professor  Williams  studied  in  the  field 
are  220  miles  or  farther  to  the  southwest  of  that  town.  It  is  well 
known  that  there  is  a  rapid  thinning  and  marked  lithologic  change 
in  the  Devonian  deposits  as  they  are  followed  from  the  Potomac 
basin  to  the  southwest.  Professor  Williams'  own  statement  "that 
in  the  correlation  of  local  formations  the  same  species  of  fossils 
alone  (when  so  much  as  50  miles  of  distance  separates  their  sta- 
tions) can  not  be  relied  on  for  establishing  more  than  a  general 
homotaxial  relation  of  the  formations  compared"*  would  suggest 
caution  in  correlating  with  the  Romney  formation  the  deposits  of 
Bland  county  in  southwestern  Virginia,  220  miles  to  the  southwest. 
The  statement  of  professor  Williams  that  "the  rocks  belonging  to 
the  part  of  the  column  called  Romney,  in  central  and  southern  Vir- 
ginia, contain  chiefiy  the  faunas  found  in  New  York  in  the  Mar- 
cellus. Genesee,  and  Nunda  ('Portage')  with  only  traces  of  the  Ham- 
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ilton  fauna  near  their  base"!  is  probably  true  for  the  region  which 
he  studied  but  is  incorrect  for  the  Potomac  basin  in  which  the 
typical  outcrops  of  the  Romney  formation  occur.  As  we  have 
shown  above,  the  Romney  formation  in  its  standard  region  contains 
in  its  lower  member  essentially  the  fauna  of  the  Marcellus  shale  and 
in  its  upper  member  that  of  the  Hamilton  beds  of  New  York.  It  is 
not  until  in  the  succeeding  or  Jennings  formation  that  the  Genesee, 
Naples  or  Portage,  Ithaca  and  Chemung  faunas  are  found. 

Probably  that  portion  of  part  n.  of  most  general  interest  is  the 
discussion  and  correlation  of  sections  in  Northumberland  And 
Columbia  counties  of  central  Pennsylvania  which  had  been  adopted 
as  standard  ones  by  the  state  survey  in  the  interpretation  ol  the 
geology  of  that  part  of  the  state.  Perhaps  the  most  important  one 
is  the  Catawissa  section  on  the  Susquehanna  river  which  was  very 
carefully  studied  by  Dr.  Kindle  in  the  field  and  the  correlation  re- 
viewed by  professor  Williams.  Dr.  Kindle  shows  that  the  calcar- 
eous shales  in  this  section  which  were  correlated  with  the  Tully 
limestone  by  the  Pennsylvania  survey  contain  a  Hamilton  fauna, 
"not  one  of  the  characteristic  Tully  forms  appearing."  Dr.  Kindle, 
however,  considered  that  the  zone  "occupies  the  stratigraphical 
position  of  the  Tully  limestone  of  New  York"  while  professor  Wil- 
liams stated  that  it  and  the  two  subjacent  zones  contain  "the  normal 
fauna  of  the  Hamilton  formation."  The  writer  showed  in  1894  that 
the  calcareous  shale  in  Pike  and  Monroe  counties  in  northeastern 
Pennsylvania,  which  the  state  survey  correlated  with  the  Tully 
limestone  of  New  York  is  succeeded  by  some  200  feet  of  very  fossil- 
iferous  shales  containing  a  characteristic  Hamilton  fauna  which  he 
referred  to  the  Hamilton  formation.*  The  investigations  of  Dr. 
Kindle  clearly  show,  however,  that  the  calcareous  shales  of  central 
Pennsylvania  correlated  with  the  Tully  limestone  of  New  York  by 
the  Pennsylvania  Survey  occur  at  a  higher  stratigraphic  horizon 
than  those  of  northeastern  Pennsylvania  as  was  inferred  and  pub- 
lished by  the  writer  in  1894.1  The  succeeding  225  feet  of  bluish- 
black  shales  are  correlated,  on  account  of  lithological  similarity, 
with  the  Genesee  shale  and  rather  more  than  25  feet  above  their 
top  appears  the  first  faunule  of  the  Nunda  (Portage)  formation. 
Professor  Williams  states  that  the  name  Nunda  formation  has  been 
adopted  to  designate  what  has  heretofore  been  called  the  Portage 
or  Nunda  group.  Two  hundred  feet  above  the  top  of  the  Genesee 
shale  is  a  faunule  containing  Spin'fer  pennatns  var  posterns  which 
is  considered  as  the  first  appearance  of  the  Ithaca  fauna  that  then 
continues  through  about  1.400  feet  of  deposits  to  almost  the  base 
of  the  lowest  red  shales.  Dr.  Kindle  states  that  no  characteristic 
Chemung  forms  appear  in  these  deposits  and  professor  Williams 
concludes  that  "Faunally  the  evidence  of    the    Chemung  formation 
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must  be  looked  for  in  the  still  higher  strata."  The  last  dspostta 
considered  were  correlated  with  the  Ohemmig  formation  bj  the 
Pennsylvania  survey  in  the  upper  portion  oC  whleh  they  reported 
the  characteristic  Chemung  species  Sphifer  dmjunctua.  From  the 
lowest  reported  horizon  of  this  species  Dr.  Kindle  carefully  searched 
every  remaining  foot  of  the  so-called  Chemung  deposits  without  find- 
ing a  single  specimen  of  Spirifer  disjanctws.  This  is  in  perfect 
harmony  with  the  writer's  experience  in  northeastern  Pennsylvania 
where  he  failed  to  find  this  species  which  was  reported  in  rocks  of 
so-called  Chemung  age.*  This  detailed  work  of  Kindle  and  Wil- 
liams confirms  the  writer's  correlaticm  in  1894  of  the  so-called  Che- 
mung of  northeastern  Pennsylvania  with  the  ParacjrcJaa  Urata  fauna 
ot  the  Portage  of  eastern  New  Torkt  which  later  he  demonstrated 
belonged  in  the  Ithaca  formation.1  It  is  interesting,  however,  to  re- 
member that  farther  to  the  southwest  in  western  Maryland  the 
higher  Devonian  faunas  contain  numerous  specimens  of  Spiri&r  duh 
Junctas  associated  with  some  of  the  other  species  which  pn^essor 
Williams  lists  as  diagnostic  of  the  Chemung.  C.  S.  P. 
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O.  S.,  No.  259,  pp.  47-68.) 

WRIGHT,  C.  W.   (See  WRIGHT,  F.  E.) 


CORRESPONDENCE. 


Estimation  of  the  Silica  in  the  Bedford  Limestone  — ^The 
specimen  used  in  this  work  was  obtained  from  a  quarry  near  Bed- 
ford, Indiana,  and  it  is  known  locally  as  the  Bedford  limestone.  It 
is  a  light-colored  rock,  fine  grained  in  texture,  and  is  widely  used 
and  favorably  regarded  as  a  building  material. 

The  amount  of  residue  insoluble  in  hydrochloric  acid   which 
proved  to  be  mainly  silica  was  determined  by  three  different  meth- 
ods as  follows: 
Method  1. 

A  grain  of  the  fine  powder  was  placed  in  a  small  beaker  covered 
with  a  watch  glass.  Dilute  hydrochloric  acid  was  added  and  the 
contents  of  the  beaker  gently  heated  to  boiling.  After  standing 
a  short  time,  the  undissolved  portion  was  filtered  off  and  the 
weight  determined. 
Method  2. 

A  grain  of  the  powder  was  placed  in  a  porcelain  evaporaiixg 
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dlBh,  and  while  covered  with  a  watch  glass,  dilute  hydrochloric 
acid  was  added.  It  was  left  on  the  water  bath  until  efferrescence 
ceased,  the  accumulations  on  the  watch  glass  were  rinsed  off,  and 
the  evaporation  continued  until  crystals  began  to  appear.  Then 
as  the  evaporation  went  forward,  the  substance  was  stirred  with  a 
glass  rod  until  a  fine  dry  powder  resulted.  This  was  moistened 
with  concentrated  hydrochloric  acid  and  left  on  the  water  bath  for 
a  few  moments.  Dilute  hydrochloric  acid  and  water  were  added  and 
after  sanding  a  short  time,  the  insoluble  residue  was  filtered  off, 
dried  in  the  air  bath,  and  its  weight  determined.  The  insoluble 
residue  was  obtained  three  different  times  by  each  of  the  two 
methods,  varying  the  weight  of  the  original  amount  taken.  T!ie 
results  were  as  follows: 
Method  1. 

(a)  With  one  gram  substance 0.54  per  cent. 

(b)  "      three  grams      "        ...0.56    " 

(c)  "      ten  "  "         0.55    " 

Method  2. 

(a)  With  one   gram   substance » 0.65 per  cent. 

(b)  "      three  grams       "        0.55    " 

(c)  "      ten  "  "        0.55    " 

To  determine  further  the  nature  of  the  residue,  whether  it  was 
all  silica,  or  wholly  or  partly  a  silicate,  It  was  treated  In  the 
platinum  crucible  with  a  few  drops  dilute  sulphuric  acid,  and  the 
crucible  was  nearly  filled  with  a  dilute  solution  of  hydrofluoric  add. 
It  was  evaporated  on  the  water  bath  and  the  excess  of  sulphuric 
acid  removed  with  the  free  flame. 

Residue  in  Crucible  obtained  by  method  1: 

(a)  One  gram  substance 0.13  per  cent. 

(b)  Three    "  "         0.12     " 

(c)  Ten        "  "         0.14    " 

Residue   in   Crucible  obtained  by  method   2: 

(a)  One  gram  substance 0 .  13  per  cent. 

(b)  Three    "  "         0.12    " 

(c)  Ten        "  "         0.11    ** 

A  blank  test  was  made  using  sulphuric  and  liydrofiuoric  acid 
in  the  crucible  and  evaporating  to  drsmess.  No  residue  was  ob- 
tained. 

The  residue  in  the  crucible  was  determined  and  found  to  be 

Aluminum  and  iron  sulphate .0.08     % 

Calcium  sulphate 0.058  % 

Magnesium  sulphate   0.00 


0.138% 
Method   3.       To   compare   the   insoluble   residue  obtained  by 

fusion  with  alkaline  carbonate  with  the  amount  obtained  by  the 

foregoing  methods. 

A  gram  of  the  fine  rock  powder  was  thoroughly  mixed  In  the 
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platinum  crucible  with  seven  grams  of  anhydrous  sodium  carbonate. 
The  sodium  carbonate  used  was  a  good  quality  of  Merck's  manu- 
facture. It  was  further  purified  by  dissolving  a  quantity  in  water 
and  filtering.  This  after  fractional  crystallization  seemed  to  be 
entirely  free  from  silica.  The  covered  crucible  was  heated  for 
fifteen  minutes  with  a  Bunsen  fiame,  then  with  a  blast  lamp  to 
complete  fusion.  The  cooled  mass  was  transferred  to  a  porcelain 
evaporating  dish  and  dissolved  in  dilute  hydrochloric  acid.  Evap- 
oration was  continued  on  the  water  bath  until  crystals  began  to 
appear.  It  was  then  stirred  with  a  glass  rod  until  a  fine  dry 
powder  was  obtained.  It  was  treated  with  hydrochloric  acid  as  in 
method  2  before  described.  The  insoluble  residue  obtained  by  thia 
method  amounted  to  0.53%.  This  treated  with  sulphuric  and  hydro- 
fluoric acids  left  a  residue  of  0.1G%.  The  results  are  fairly  con- 
cordant with  those  obtained  by  methods  1  and  2,  but  on  account 
of  the  difficulty  of  getting  pure  sodium  carbonate,  and  the  length 
of  time  and  the  labor  necessary  to  obtain  the  result,  this  procesa 
is  not  to  be  commended  with  rocks  of  this  character.  Indeed 
method  1  is  greatly  to  be  preferred,  whenever  circumstances  per- 
mit, on  account  of  its  simplicity,  and  the  shortness  of  time  required. 
During  the  course  of  this  work  our  attention  was  called  to  the 
estimation  of  silica  as  outlined  by  Treadwell*  in  his  excellent 
treatise  on  quantitative  analysis.  After  removing  the  insoluble 
residue  according  to  method  2,  It  is  stated  that  "as  much  as  5  per 
cent  of  the  total  amount  (of  silica)  may  remain  in  the  filtrate.  la 
order  to  remove  this  the  filtrate  from  the  first  precipitate  is  once- 
more  evaporated  to  dryness  on  the  water  bath  and  kept  on  the 
hot  water  bath  for  one  or  two  hours  or  more."  It  is  then  filtered 
after  treatment  with  hydrochloric  acid  and  water  in  the  usual 
manner. 

Several  determinations  were  made  in  which  the  suggestions  of 
Treadwell  were  strictly  carried  out.  One  gram,  five  grams  and  ten 
grams  of  substance  were  used.  In  no  case  was  even  a  trace  of 
residue  obtained  by  the  second  treatment.  The  experiment  was 
Taried  by  using  a  specimen  of  argillaceous  limestone  that  contained 
18  per  cent  of  silica.  A  second  portion  of  residue  could  not  be 
obtained  from  this  specimen. 

A  complete  analysis  of  the  Bedford  limestone  resulted  as  fol- 
lows: 

Ca  Co*  93.66% 

Mg  Ck)*   6.42% 

Si  0* 0.65% 

Pe*  O*  and  Al*  0» 0.60% 


100.02% 
The  condition  of  the  iron  was  tested  by  placing  three  grams 
of  the  powdered  rock  in  a  flask  of  12  c  c  capacity,  fitted  with  a  bulb 

*  Treadwell-Hall's  Quantitative  analysis,  page  884. 
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tabe  and  Bunsen  valve.  The  material  was  dissolved  in  a  small 
quantity  of  dilute  hydrochloric  acid.  A  few  drops  of  the  solutfcyi 
quickly  withdrawn  and  placed  on  a  porcelain  tile  in  contact  with 
a  solution  of  potassium  ferricyanide  showed  a  slight  tingle  of  blue. 
A  few  drops  of  a  solution  of  potassium  sulpho  cyanate  were  then 
quickly  introduced  into  the  flask  when  a  red  color  was  produced. 
The  portion  of  the  iron  soluble  in  hydrochloric  acid  is  therefore  of 
both  the  ferrous  and  ferric  forms.  No  attempt  was  made  to  de- 
termine each  quantitatively  on  account  of  the  small  amount. 

The  writer  acknowledges  his  indebtedness  to  Alys  Boies  Carson 
for  making  the  experiments  of  this  investigation. 

NICHOLAS   KNIGHT. 
Chemical  Laboratory ,   Cornell  College ^ 
July  ^,   1905, 
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PERSONAL  AND  SCIENTIFIC  NEWS. 


Prof.  W.  W.  Mills  has  been  appointed  state  geologist 
of  Michigan  to  succeed  Prof.  A.  C.  Lane. 

Dr.  O.  C.  Farrinoton  has  recently  returned,  from  a  long 
trip,  to  the  Field  Columbian  Museum. 

Mr.  W  11.  Haryky  of  Eveleth,  Minnesota  has  been  ap- 
pointed inspector  of  mines,  with  headquarters  at  Eveleth. 

D^  John  M.  Clarke.  Director  of  Science  and  State  Geol- 
ogist of  New  York,  as  well  as  one  of  the  editors  of  this 
journal,  has  been  serioiisl/ill  with  appendicitis. 

Mr.  George  F.  Lamb,  a  graduate  of  Ohio  university 
and  later  a  graduate  student  in  geolo^  at  Ohio  State  uni- 
versity, has  been  elected  professor  of  Biology  and  Geology 
in  Mount  Union  college  at  Alliance,  Ohio. 

The  "Mining  World"  of  Chicago  has  recently  been 
purchased  by  a  new  stock  company.  The  editorial  staflF 
has  been  strengthened  and  enlarged,  under  the  direction  of 
Mr.  D.  T.  Day. 

Prof.  J.  Volney  Lewis  of  Rutger's  college  will  devote 
the  summer  to  a  special  investigation  of  the  petroeraphy 
of  the  Newark  (Triassic)  traps  of  New  Jersey  and  their 
associated  copper  ores  for  the  state  geoloeical  survey. 

Dr.  M  W.  Twitchell,  a  graduate  of  Colambian  univer- 
sity, Washington,  D.  C,  and  of  Johns  Hopkins  university, 
Baltimore,  Md.,  has  been  elected  to  fill  the  chair  of  geology 
in  South  Carolina  college  at  Columbia,  S.  C. 

Mr.  Ernest  C.  Brown,  publisher  of  "Progressive  Age," 
is  preparing  to  publish  a  complete  list  of  the  engineers  of 
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America.  He  has  listed  already  over  two  thousand  and 
desires  information  concerning  five  or  six  thousand  others. 

Warren  Upham  contributes  a  paper  of  eighteen  pages, 
entitled  "Geological  History  of  the  Great  Lakes  and  Niag- 
ara Falls,"  to  the  July  number  of  The  International  Quar- 
terly. 

David  T.  Day  of  the  U.  S.  Geological  Survey  has  re- 
cently made  a  visit  to  the  Yellowstone  Park.  He  is  now 
in  charge  of  the  concentration  of  black  sands  carried  on  by 
the  survey  at  the  Portland  exposition,  where  he  also  holds 
the  position  of  honorary  chief  of  the  mines  department. 

Mr  6.  K  Gilbert  has  given  to  the  Department  of  Giol. 

ogy  of  Denison  university  upwards  of  i,ooo  volumes  of  lit- 
erature, consisting  of  U.  S.  G.  S.  reports,  state  reports,  re- 
prints, proceedings,  and  other  valuable  books.  This  gift  is 
especially  appreciated  after  having  lost  their  library  in  the 
burning  of  their  Science  Hall. 

Tnt  Position  OF  the  late  Albert  A.  Wright  of  Oberlin 

college  has  been  filled  by  the  election  of  Maynard  M.  Met- 
calf,  professor  of  Biology  in  the  Woman's  college  of  Balti- 
more, as  professor  of  Zoology  and  Mr.  E.  B.  Branson  of 
Kansas  university  as  instructor  in  Geology.  Dr.  Metcalf 
-was  granted  a  two  years'  leave  of  absence  and  the  work  for 
the  ensuing  year  will  be  conducted  by  Dr.  Lynds  Jones, 
associate  professor  of  Zoology  and  Mr.  Branson. 

The  Set  of  Charts  illustrating  the  origin  of  certain 
metallic  ores,  prepared  by  C.  R.  Van  Hise,  C.  K.  Leith.  and 
W.  N.  Smith  and  exhibited  at  the  St.  Louis  Exposition,  has 
been  reproduced  in  Vandyke  prints  for  limited  distribution, 
in  response  to  requests  for  copies.  The  prints  are  four  in 
number,  iron,  copper,  gold  and  silver,  and  lead  and  zinc, 
each  about  24  by  50  inches.  A  charge  of  75c  each  is  made 
to  cover  cost.  Orders  may  be  sent  to  C.  K.  Leith,  Madison, 
Wis. 

Prof  C.  H.  Hitchcock,  of  Dartmouth  college,  will 
spend  the  months  of  July  and  August  in  the  Hawaiian  Isl- 
ands, to  visit  again  their  principal  volcanoes,  all  of  which 
he  has  ascended  during  his  numerous  former  explorations 
of  these  islands.  His  observations  this  summer  are  for  re- 
vision and  completion  of  a  treatise  on  volcanoes,  and  espec- 
ially on  their  very  exceptional  characters  in  the  Hawaiian 
group. 

Dr.  George  D.  Hubbard,  instructor  in  geology  and 
physical  geography  in  Cornell  university  has  been  elected 
assistant  professor  of  Geology  in  Ohio  State  university. 
The  other  members  of  the  Geological  department  are 
Charles  S.  Prosser,  professor  of  Geology  and  John  A.  Bow- 
nocker,  professor  of  Inorganic  Geology.     In  recent  years 
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the  department  has  grown  very  rapidly  and  during  the  last 
four  years  the  number  of  students  has  nearly  trebled.  Dur- 
ing the  present  summer  session  the  instruction'  in  geology 
is  given  by  Dr.  Aug.  F.  Foerste  of  Dayton. 

"It  WAS  STATED  IN  THE  ISSUE  OF  Science  for  April  21,  that 

the  New  Mexico  legislature  had  appropriated  $6,000  for  a 
State  geological  survey,  to  be  spent  under  the  direction  of 
the  New  Mexico  school  of  mines  at  Socorro.  We  are  in- 
formed that  the  only  reference  to  such  a  survey  occurs  in 
the  general  appropriation  bill  and  is  as  follows:  *For  pub- 
lication U.  S.  Geological  Survey  reports,  to  be  expended 
under  the  direction  of  the  Socorro  School  of  Mines,  or  so 
much  thereof  as  may  be  necessary,  $2,500.'  "  — Science. 

A  similar  misstatement  was  published  in  the  Geologist 
for  April   (p.  262). 

Thk  Delayed  Annual  Repgut  of  the  Geological  Survey 
of  Michigan  for  1903  is  out.  It  consists  of  342  pages  and 
contains  report  of  the  state  geologist  and  included  papers. 
Among  the  noteworthy  articles  are  those  on  the  soils  and 
vegetation  of  Roscommon  and  Crawford  counties  by  B.  E. 
Livingston,  and  notes  on  the  waters  both  of  the  Upper  and 
Lower  Peninsulas.  There  are  articles  on  the  theory  of 
copper  deposition  and  the  Keewenawan  lodes.  The  report 
is  sent  gratis  on  payment  of  forwarding  charges  (13  cents) 
to  teachers  for  professional  use,  editors  for  review  and  to 
libraries  according  to  the  rules  of  the  Board  whose  office  is 
at  Lansing,  Michigan. 

Thk  late  Legislature  of  Illinois  established  a  state  geo- 
logical survey,  putting  it  under  the  immediate  direction  of 
the  trustees  of  the  state  university,  located  at  Champaign, 
but  with  an  advisory  board  consisting  of  the  governor,  the 
president  of  the  university  and  one  other  to  be  appointed 
by  the  governor.  The  annual  appropriation  is  twenty-five 
thousand  rl*  liars. 

In  addition  to  the  above  the  university  is  to  have  a 
school  of  ceramics,  supported  by  an  appropriation  of  five 
thousand  dollars  per  year.  This,  however,  will  have  no 
connection  with  the  survey  except  such  as  common  inter- 
-est  dictates.— ^o/Ze. 

Congress  OF  Applied  Geology.  An  international  con- 
gress of  applied  geology  was  called  to  meet  at  Liege  from 
25  June  to  I  July,  1905.  It  took  place  in  connection  with 
the  Universal  Exposition  of  Liege,  and  of  the  International 
Congress  of  mines,  metallurgy,  mechanics  and  applied  geol- 
ogy, of  the  last  of  which  it  seems  to  be  an  offspring.  The 
president  and  the  secretary  of  the  Committee  of  organiza- 
tion are  respectively  Max  Lohest  and  Rene  D'  Andri- 
mont,  both  of   Liege.     Amongst  the  organizing  members 
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are  named  the  following:  Ch.  Barrois,  P.  F.  Chalon,  De 
Launay,  H.  Domage,  E.  Dubois,  J.  Gosselet,  H.  Hofer,  K. 
Keilhack,  F.  Laur,  H.  Louis,  M.  Lugeon,  H.  Potonie, 
Schulz-Briesen,  F.  Villain  and  numerous  Belgian  geologists. 
The  ^riENTiFic  World   will  be  specially  interested  to 

learn  that  Dr.  G.  F.  Wright,  is  about  to  make  an  expedition 
to  southern  Russia  and  the  north  end  of  the  Red  sea,  to  com- 
plete the  investigations  begun  by  him  in  1900  and  1901,  the 
object  of  which  was  to  determine  the  physiographic  changes 
which  have  taken  place  in  comparatively  recent  times  in 
the  regions  earliest  occupied  by  man,  and  to  ascertain  the 
influence  these  have  had  upon  the  history  of  the  human 
race. 

This  expedition  is  made  possible  by  a  special  fund  pre- 
sented him  as  president  of  the  Records  of  the  Past  Explora- 
tion Society  for  this  particular  work.  Full  reports  of  his 
investigations  will  appear  in  Records  of  the  Past  during  the 
autumn  and  winter. 

During  his  trip  he  will  receive  mail,  in  care  of  the 
American  Consulate,  at  the  following  points: — Aug.  12, 
York,  England;  Aug.  25,  Copenhagen,  Denmark;  Sept.  8, 
Moscow,  Russia;  Sept.  15,  Vladikavkaz,  Russia;  Sept.  25, 
Sevastopol,  Russia;  Oct.  5,  Constantinople,  Turkey  in 
Europe:  Oct.  15,  Beirut,  Syria;  Oct.  25,  Jerusalem,  Pales- 
tine: Nov.  5.  Cairo,  Egypt;  Nov.  13,  Athens,  Greece;  Nov. 
20,  Naples,  Italy;  Dec.  i,  Rome,  Italy:  Dec.  20.  Paris, 
France:  Jan.  i,  London,  England. 

Bulletin  No.  00,  of  the  Bureau  of  Forestry  being 

a  "Report  on  an  Examination  of  a  Forest  Tract  in  Western 
North  Carolina,"  by  Franklin  \V.  Reed,  will  soon  be  ready 
for  distribution. 

This  report  contains  a  comprehensive  and  detailed 
description  of  the  forest  on  about  16,000  acres  in  the  moun- 
tains of  western  North  Carolina,  which  is  to  be  lumbered 
so  that  its  value  as  a  summer  resort  shall  not  be  impaired. 
This  tract  is  typical  of  many  others  in  the  southern  moun- 
tains, where  undeveloped  resources  afford  an  opportunity 
for  the  practice  of  forestry  or  conservative  lumbering.  The 
conditions  described  in  this  bulletin  furnish  a  concrete  ex- 
ample of  what  such  land  will  yield  when  placed  in  the  care 
of  a  forester,  who  will  look  after  its  landscape  features  while 
cutting  the  merchantable  timber.  Tables  of  growth  and 
yield  are  provided,  logging  and  pleasure  roads  located,  and 
a  system  of  fire  protection  outlined. 

The  bulletin  is  illustrated  with  a  topographic  map  and 
six  plates.  Application  for  this  bulletin  should  be  made  to 
The  Forester,  U.  S.  Department  of  Agriculture,  Washing- 
ton, D.  C. 
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!  The  TE<:HNOLExiroN  OF  THK  Society  of  Ge 

GIMKKR8  (short  report  on  the  state  of  work  June, 
«  the  compilation  of  this  universal  technical  diet 

:  translation  purposes   (in  the  languages   English 

I     '  and  French),  that  was  commenced  in  1901,  about 

{        •  and  individual  collaborators  at  home  and  abroad 

{  ing  at  present. 

L'p  to  now  2,700,000  word-cards  have  been 
To  these  will  be  added  the  hundred  thousands  of 
j  will  result  from  the  working-out  of  the  original 

I  tions  not  vet  taken  in  hand.     The  contributions 

called  in  since  Master,  1904,  and  most  of  them  ha 
come  in  (up  to  June,  1905:  1480). 
i  The  editor-in-chief  will  be  pleased  to  give  a 

information  wanted.     Address:  Technolexicon,  I 
*  Janscn,  Berlin  (N\V.  7),  Dorotheenstrasse  49. 

J  A  SpKCIAL  Sr.MMKR    MKETiXGOF  THE  AmKKIOA 

i»(n.o(;i<'AL  Association  will  be  held  in  San  Fran< 

fornia,  on  August  29.  30  and  31.     After  the  nie< 

1  will  be  an  excursion  to  Portland,  Oregon,  to  visit 

&  Clark  Exposition.     Here   an  informal    meetin 
lield  at  wdiich  addresses  will  be  made. 

The  meeting  in  San  Francisco  will  be  held 

aus])ices  of  a  local  committee.     This  committee  \> 

■  for  excursions  and  entertainments.       The  headc 

}  the  Association  will  be  the  Department  of   An 

'  (if  tlie  university  of  California  at  the  Affiliated  Co 

Francisco. 

Since  special  rates  are  being  given  by  the 
nental  railroads  to  Portland  via  San  Francisco,  i 
eeptional  <)])]H)rtunity  for  ethnologists  and  archie 
visit  the  Pacific  coast. 

Members  intending  to  be  present  will  please 
*^ecretary  of  the  local  committee,  Dr.  A.  L.  Kro< 
ate<l  C  oilej^^es,  San  Francisco.  Dr.  Kroeber  will  i 
h(»tel  accommodation  and  will  furnish  informati 
tn  the  meeting. 

The  amendments  to  the  constittition  propo 
F'liiladelphia  meeting  (see  Amer.  Anthropolog^s 
\y6)  and  at  the  council  meeting  of  April  15,  15 
been  a[)j) roved  by  the  coimcil,  will  be  presented  at 
cisco  for  adtjption. 

\fr.  (leorge  Grant  MacCurdy,  237  Church  s 
Maven.  Conn.,  secretary  of  the  Association,  will 
mat  ion  as  to  special  railroad  rates.     Titles  of  pai 
be  sent  to  him  at  an  earlv  date. 
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PORTRAIT— PI4ATE  III. 

On  the  afternoon  of  Saturday,  April  i,  1905,  professor 
Albert  Allen  Wright  was  about  his  usual  duties,  but  upon 
going  to  his  study  upon  his  wheel  was  suddenly  seized  with 
spasms  of  pain  which,  aftw  continuing  for  twenty-four 
hours,  ended  in  his  death,  upon  Sunday  afternoon.  For 
some  years  professor  Wright  had  suflFered  more  or  less  from 
ill  health,  for  which  physicians  found  it  difficult  to  account. 
A  year  of  rest  upon  the  Pacific  coast  in  1900  failed  to  bring 
the  expected  relief,  but  partial  relief  was  found  in  a  severe 
course  of  dieting.  The  mystery,  however,  was  solved  by  a 
post-mortem  examination,  which  showed  that,  as  a  result  of 
an  illness  many  years  before,  there  was  an  adhesion  between 
the  stomach,  liver,  and  gall  bladder,  which  suddenly  gave 
way,  producing  acute  peritonitis.  Thus  closed  the  earthly 
career  of  a  most  accomplished  geologist  and  naturalist,  a 
broad-minded  student  of  science  in  general,  a  successful 
teacher,  an  efficient  man  of  practical  affairs,  and  a  devout 
Christian  of  such  delightful  personality  that  he  won  the 
regard  of  every  one  who  came  in  contact  with  him. 

As  so  many  persons  have  supposed  that  professor 
Wright  and  I  were  brothers,  it  is  well  to  say,  at  the  outset, 
that  we  were  not,  and  that  our  relationship,  if  any,  was  so 
distant  that  it  has  not  been  traced.  But  twenty-five  years 
of  close  association  with  him  in  college  work  and  much 
longer  general  acquaintance  had  drawn  me  to  him  as  to  a 
brother,  while  his  judgment  in  scientific  affairs  was  so 
sound  and  unerring  that  I  felt  impelled  to  seek  it  at  every 
stage  of  my  own  work. 
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Professor  Wright  was  born  in  Oberlin,  Ohio,  April  27, 
1846,  being  a  son  of  William  Wheeler  and  Susan  Allen 
Wright,  connected,  on  his  father's  side,  with  the  family  of 
Orville  Wright,  and  on  his  mother's  with  the  late  professor 
Frederick  Allen  of  Harvard  university.  He  graduated  from 
Oberlin  college  in  1865,  having  served  for  three  months  in 
Company  K  of  the  150th  Regiment  of  the  Ohio  National 
Guard,  which  was  called  for  the  defense,  of  Washington  in 
1864.  For  two  years  he  taught  in  the  Cleveland  institute, 
when  he  returned  to  Oberlin,  and,  like  so  many  other  dis- 
tinguished geologists,  among  whom  are  to  be  numbered  pro- 
fessors J.  P.  Lesley  and  Edward  Orton,  pursued  a  course 
of  theological  studies,  two  years  of  which  were  taken  in 
Union  theological  seminary,  New  York  City,  and  the  final 
year  in  Oberlin  seminary,  from  which  he  graduated  in  1870. 
For  the  following  two  years  he  filled  the  chair  of  mathe- 
matics and  natural  science  in  Berea  college,  Kentucky,  after 
which  he  entered  the  School  of  Mines  of  Columbia  college, 
from  which  he  graduated  in  1875.  I"  later  years  his  educa- 
tion was  continued  in  a  more  general  way  by  numerous 
extended  expeditions  into  Canada,  the  Rocky  mountains, 
Florida,  and  other  portions  of  the  Atlantic  coast,  while  the 
year  1884-85  he  spent  in  traveling  in  Europe. 

On  September  21,  1874,  he  was  marriedto  Mary  Lyon 
Bedortha,  of  Saratoga  Springs,  N.  Y.,  from  which  union 
there  is  left  a  daughter,  Helen  M. ;  and  August  18,  1891,  to 
Mary  P.  B.  Hill,  of  Flemington.  N.  J.,  who  with  a  son  sur- 
vives him. 

In  1874  he  was  called  to  the  chair  of  geology  and  natu- 
ral history  in  Oberlin  college,  a  position  which  he  filled  with 
complete  satisfaction  to  all  for  thirty  years,  to  the  time  of 
his  sudden  death.  He  signalized  his  connection  with  Ober- 
lin college  by  establishing  and  fostering  the  laboratory  sys- 
tem of  study  by  students  in  all  scientific  departments,  so 
that  his  pupils  have  shown  remarkable  facility  in  their  post- 
graduate studies  and  in  finding  entrance  to  the  higher 
spheres  of  scientific  investigation. 

But  he  accomplished  a  large  amount  of  work  outside  of 
his  classroom,  as  will  be  seen  by  the  appended  list  of  publi- 
cations.    In   1874  he  was  engaged  upon  the  second  gcolo- 
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gicar  survey  of  Ohio  to  make  a  report  upon  the  lake  ridges 
of  Lorain  county.  The  published  results  of  his  work  remain 
the  standard  source  of  information  concerning  that  locality. 
In  1884  he  was  employed  to  make  the  report  upon  the  coal- 
seams  of  Holmes  county,  and  in  1893  he  was  asked  to  make, 
for  the  current  volume  of  the  Survey,  a  report  on  "The  Ven- 
tral Armor  of  Dinichthys,"  based  upon  the  unique  specimens 
from  Lorain  county  preserved  in  the  Oberlin  college 
museum,  in  which  he  demonstrated  that  what  are  described 
by  Dr.  Newberry  as  jugulars  are  really  the  "companions  of 
his  anterior  ventrals." 

Among  the  most  commendable  aspects  of  professor 
Wright's  scientific  work  are  those  which  come  to  light  in 
connection  with  his  practical  interest  in  the  affairs  of  the 
town  and  state.  Such  confidence  did  his  fellow-citizens 
have  in  both  his  attainments  and  his  character  that  as  soon 
as  they  contemplated  the  inauguration  of  a  sewer  system  and 
waterworks  he  was  chosen  by  universal  consent  to  be  the 
leader  in  formulating  plans.  After  an  untold  amount  of  ex- 
amination of  the  local  conditions,  and  of  study  of  the  subject 
from  every  point  of  view,  he  presented  plans  which  were  ac- 
cepted, and  which,  executed  under  his  direction,  have  secured 
to  Oberlin  the  model  equipment  of  the  state,  to  which  the 
State  Board  of  Health  is  constantly  referring  committees 
from  other  localities.  All  this  was  accomplished  at  a  mini- 
mum of  expense  to  the  town.  It  is  also  through  professor 
Wright's  influence  chiefly  that  the  legislature  of  the  State 
was  persuaded  to  co-operate  with  the  United  States  geolo- 
gical survey  inaugurating  a  topographical  survey  of  Ohio. 
His  papers,  presented  to  the  committees  of  three  different 
legislatures,  and  others  published  broadcast  throughout  the 
state,  are  models  both  in  the  statement  of  the  scientific  re- 
sults to  be  published  and  of  the  practical  ends  to  be  secured, 
in  order  to  justify  the  large  appropriations  made. 
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GENETIC  AND  STRUCTURAL   RELATIONS  OF  THE   IQNEOUt 

ROCKS  OF  THE   LOWER  NEPONSET  VALLEY, 

MASSACHUSETTS.  [II.] 

B7  W.  O.  Cbosbt,  BostOB,  Mass. 
PRB-CARBONIFBROUS  INTRUSIVBS. 

The  earlier  or  pre-Carboniferous  intrusive  rocks  of  the 
batholite  include  the  following  types':  granite  porphyry, 
quartz  porpryry,  felsite  arid  acid  andesite.  The  first  three 
are  acid  and  agree  closely  in  composition,  as  stated  above, 
with  the  sedentary  types  of  the  batholite,  so  that  they  may 
fairly  be  regarded  as  later  extravasations  from  the  deeper 
parts  of  the  same  great  body  of  magma.  The  fourth  type, 
on  the  other  hand,  is  of  distinctly  sub-acid  or  neutral  com- 
position, as  a  partial  analysis  accompanying  Dr.  Bascom's 
description  clearly  shows.  Furthermore,  the  dikes  of  this 
relatively  basic  type  are,  according  to  the  rather  meagre 
but  quite  satisfactory  evidence,  older  than  all  of  the  acid 
intrusives,  suggesting  eruption  from  a  source  below  the 
normal  granite  and  hence  during  a  time  (possibly  of  mark- 
ed elevation  and  erosion)  when  the  batholite  proper  was 
congealed  throughout  its  entire  thickness. 

The  acid  intrusions,  on  the  contrary,  including  both 
dikes  and  necks,  may,  in  the  main  at  least,  as  previously 
indicated,  be  correlated  with  the  subsidence  ushering  in  the 
sedimentation  of  Carboniferous  times  and  accompanied  by 
a  rise  of  the  isogeotherms  sufficiently  marked  to  reliquefy 
a  portion  of  the  ancient  acid  magma.  This  correlation  is 
confirmed  by  the  close  agreement  in  composition  of  the 
acid  intrusions  and  the  normal  granite, — for  the  unquestion- 
able connection  of  the  acid  intrusives  (both  dikes  and 
necks)  with  the  acid  effusives  or  lavas,  which  rest  uncon- 
formably  upon  the  deeply  denuded  surface  of  the  batholite, 
shows  that  in  origin  the  intrusions  are  separated  from  the 
sedentary  zones  of  the  batholite  by  a  vast  time  interval 
during  which  the  magma  must  have  been  mainly  solid  to 
have  escaped  marked  chemical  differentiation. 

Add  Andesite  Dikes — This  is  a  rock  of  distinctly  neu- 
tral composition,  anlyses  showing  from  60  to  62.8  per  cent. 
of  silica;  and  Dr.  Bascom's  observations  indicate  a  horn- 
blende-bearing biotite  andesite.    A    single    dike  only  has 
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been  studied  in  detail ;  but  it  is  known  to  represent  a  more 
or  less  extensive  series,  the  acid  andesite  not  having  been 
distinguished  heretofore  from  '  basic  andesite  and  green- 
stone diabase.  This  dike  begins  in  the  fine  granite  on 
Heron  street  near  Washington  street  and,  with  a  normal 
breadth  of  20  to  25  feet,  has  been  traced  northwesterly, 
parallel  with  Cottage  avenue,  into  the  normal  granite  and 
for  o  total  distance  of  nearly  half  a  mile.  It  is  clearly  cut 
by  typical  dikes  of  quartz  porphyry  and  felsite ;  and  the  acid 
andesite  occurs  as  angular  inclusions  in  a  great  dike  of 
granite  porphyry.  These  relations  give  it  at  once  a  unique 
position  among  the  basic  intrusives  of  this  area  and,  so  far 
as  known,  of  the  Boston  basin,  by  definitely  fixing  it,  chron- 
ologically, between  the  batholite  and  all  of  the  acid  intru- 
sives. Comparison  is  suggested  at  once  with  the  more 
basic,  pre-granitic  dikes  (diabase)  in  the  Cambrian  slates 
of  the  Blue  Hills.*  The  Jatter  are  the  only  basic  dikes 
in  the  Boston  basin  known  to  be  older  than  the  granitic 
series  of  the  Complex;  and  the  West  Roxbury  dike  just  de- 
scribed is  the  first  relatively  basic  dike  in  the  Boston  basin 
known  to  be  intermediate  in  age  between  the  sedentary 
zones  and  the  acid  intrusions  of  the  complex. 

Granite     Porphyry     and     Quartz     Porphyry     Dikes, — In 

this  instance,  also,  the  detailed  study  has  been  limited  to 
what  is,  virtually,  one  large  and  complex  example ;  but  the 
general  conclusions  thus  reached  are  definitely  known  to 
be  applicable  to  an  extensive  series  of  dikes.  The  fine 
granite  of  Bearberry  hill  in  the  northeast  part  of  the  Stony 
Brook  reservation  is  traversed  in  a  general  northwest-south- 
east direction  by  a  vertical  dike  of  quartz  porphyry  100  feet 
wide.  The  greenish  gray,  aphanitic  groundmass  of  the 
porphyry  is  crowded  with  conspicuous  phenocrysts  of  feld- 
spar up  to  one-half,  and  even  three-fourths,  of  an  inch  in 
length,  while  the  more  scattering,  rounded  blebs  of  quartz 
are  commonly  one-fourth  to  one-half  inch  in  diameter.  Al^ 
together  it  is  a  striking  rock  and  one  readily  recognized  and 
traced.  The  quartz  porphyry  is  densely  felsitic  near  the 
contacts,  which  are  firmly  welded,  irregular  in  detail,  and 
further  characterized   bv  occasional  inclusions  of  the  fine 

•  Occas.    Papers.    B.    S.    N.    H..    iv.  388. 
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granite  in  the  quartz  porphyry  and  minor  apophyses  of  the 
latter  in  the  former. 

On  this  hill,  also,  the  quartz  porphyry  dike  is  cut  by  a 
four-foot  dike  of  compact  and  purple  felsite,  and  gives  ofE 
an  oblique  branch  20  feet  wide,  traceable  for  a  thousand 
feet,  and  cut  by  another  felsite  dike  10  to  15  feet  wide. 

The  phenocrysts  of  the  branch  dike  are  relatively  small 
and  inconspicuous,  and  comparable  in  size  with  those  of 
the  contact  zone;  while  this  contrast  between  the  main 
dike  and  its  branch  proves  that  in  neither  case  can  the 
phenocrysts  be  regarded  as  antedating  the  intrusion  of  the 
magma.  On  the  other  hand,  the  lithologic  resemblance 
of  the  branch  dike  to  the  quartz  porphyry  phase  of  the  con- 
tact zone  must  be  regarded  as  a  mere  coincidence,  since  we 
have  to  do  in  the  one  case  with  the  earlier  phase  of  the  bath- 
olite,  and  in  the  other  with  relatively  late  intrusions  cutting, 
as  we  shall  see,  all  of  the  sedentary  zones  of  the  batholite 
from  the  normal  granite  to  the  quartz  porphyry. 

Southeastward,  the  main  dike  is  traceable  across  the 
reservation  boundary  and  nearly  to  the  Boston-Hyde  park 
line,  where  it  is  seen  to  cut  the  quartz  porphyry  of  the 
contact  zone  and  the  enclosed  masses  of  Cambrian  slate. 
In  the  opposite  direction  from  Bearberry  hill,  across  the 
drift-floored  valley  of  Turtle  pond  and  beyond  Washington 
street,  in  the  large  Cottage-  avenue  quarry  in  normal  gran- 
ite, capped  by  fine  granite,  and  exactly  where  the  great  dike 
of  quartz  porphyry  might  be  expected  to  reappear,  we  find 
instead,  and  with  the  same  trend,  a  dike  of  profusely  por- 
phyritic  granite  porphyry,  30  to  50  feet  wide.  With 
aphanitic  and  firmly  welded  margins,  it  cuts,  clearly  and 
unmistakably,  both  the  normal  and  the  fine  granite ;  and 
it  is,  in  turn,  cut  squarely  across  by  a  small  dike  (2  to  4 
feet)  of  felsite  m  which  the  fluxion  structure  parallel  with 
the  irregular  walls  is  beautifully  developed.  Apparently,. 
there  is  no  reason  to  doubt  that  this  intrusive  granite  por- 
phyry which  Dr.  Bascom  regards  as  essentially  identical  in 
composition  with  the  normal  granite,  is  also  simply  a  more 
crystalline  phase  of  the  intrusive  quartz  porphyry,  the  two 
rocks  being  part  of  one  and  the  same  continuous  dike ;  and 
facts  yet  to  be  noted  abundantly  confirm  this  conclusion. 
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The  next  outcrop  of  this  dike^  where  it  crosses  Heron 
street,  is  also  granite  porphyry ;  but  beyond  this  the  quarts 
porphyry  phase  recurs,  and  the  dike,  now  75  feet  wide,  is 
litholog^cally  indistinguishable  from  the  Bearberry  hill  sec- 
tion. From  this  point  on,  it  is  near  to  and  approximately 
parallel  with  the  dike  of  acid  andesite  previously  described; 
and  the  latter  is  cut  by  minor  dikes  or  apophyses  of  quartz 
porphyry.  The  outcrops  of  both  dikes  are  now  interrupted 
by  a  swamp,  beyond  which  the  dike  of  acid  andesite  con« 
tinues  unchanged,  while  the  porphyry  dike,  now  80  feet 
wide,  is  once  more  a  typical  granite  porphyry,  apparently 
repeated  by  an  oblique  strike  fault  and,  as  previously 
noted,  enclosing  angular  fragments  of  the  acid  andesite. 
Thus  twice  in  a  total  distance  of  a  little  more  than  a  mile, 
the  quartz  porphyry  gives  way  to  granite  porphyry.  In 
neither  case,  unfortunately,  can  the  transition  \>e  fully 
traced;  and  yet  we  may  not  reasonably  doubt  its  reality. 
This  remarkable  and  rhythmic  textural  variation  in  the  con- 
tents of  one  and  the  same  continuous  fissure  may,  per- 
haps, be  regarded  tentatively  as  finding  its  most  natural 
explanation  in  varying  original  depths  of  solidification. 
That  is,  if  we  may  assume  a  natural  gradation  upward  in 
the  dike  from  granite  porphyry  to  quartz  porphyry,  then  a 
moderate  amount  of  subsequent  displacement,  or  even  of 
unequal  erosion,  might  suffice  to  give  the  alternations  of 
texture  which  the  outcrops  now  show.  In  this  connection 
it  may  be  noted  that  in  the  lowest  outcrop  of  the  main  dike, 
at  the  western  base  of  Bearberry  hill,  the  quartz  porphyry 
is  well  advanced  in  the  change  to  granite  porphyry.  It  is  a 
fair  corollary  of  this  explanation  that  the  granite  porphyry 
should  be  found  chiefly  in  the  normal  granite,  and  the 
quartz  porphyry  in  the  fine  granite.  This  relation  is 
clearly  realized  in  part;  and  would,  perhaps,  be  more  fully 
realized,  but  for  the  fact  that,  as  we  suppose,  the  batholite 
suffered  strong  and  unequal  erosion  before  its  injection  by 
these  acid  intrusives. 

Fehite  Necks, — Besides  its  abundant  occurrence  in 
effusive  forms  or  surface  flows,  the  devitrified  rhyolitc 
(aporhyolite)  or  felsite  has  an  important  development  in 
necks  and  dikes,  which  are  undoubtedly  contemporaneous 
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with  the  acid  eff usives ;  and  nowhere,  apparently  in  the 
Boston  basin,  are  normal  effusives  more  clearly  or  typically 
developed.  Some  of  the  felsite  dikes  are  large  enough  to  be 
regarded  as  the  vents  of  eflFusive  masses;  and  very  prob- 
ably several  of  them  are  deeply  denuded  necks.  The  more 
typical  and  unequivocal  necks,  however,  are  less  dike-like 
in  outline  and  far  more  diversified  in  structure,  consisting 
chiefly  of  clastic  lavas — ^agglomerate  and  tuflF — ^suggestive 
of  explosive  eruptions  toward  the  end  of  the  volcanic  activ- 
ity and  following  more  quiet  liquid  effusions.  Three  essen- 
tially distinct  vents  have  been  more  or  less  fully  worked 
out;  and  it  is  considered  not  improbable  that  others  await 
recognition  in  the  felsite  areas.  This  appears  the  more 
likely  in  view  of  the  fact  that  acid  lavas  of  fluidal  and  auto- 
clastic  types,  that  is,  lavas  which  were  stiff  enough  at  the 
time  of  their  effusion  to  develop  fluxion  lines,  or  even  to  be- 
come brecciated  by  their  own  flow,  would  not  spread  far 
from  the  vents  through  which  they  reached  the  surface. 
We  must  recognize  also  the  extreme  probability  that  some 
vents  are  still  concealed  by  their  own  sluggish  effusions  or 
by  later  sediments.  The  three  vents  referred  to  as  more 
or  less  fully  identified  are  near  the  heart  of  the  complex  and 
bordered  either  wholly  or  in  part  by  the  sedentary  zones 
of  the  batholite,  including  the  normal  granite,  fine  granite 
and  quartz  porphyry ;  and  evidence  is  not  wanting  that  they 
are,  in  each  case,  located  on  important  displacements,  one 
indication  of  this  relation  being  elongation  in  a  definite 
direction,  the  outlines  being  distinctly  lenticular. 

TAf  West  Roxbury  Neck, — ^This  neck  is  the  most  clearly 
exposed  in  outline  and  in  structural  detail,  and  probably  the 
largest,  as  it  is  certainly  the  most  indubitable  of  the  series. 
It  occupies  approximately  the  irregular  triangular  area 
bounded  by  Grove,  Center,  Stimson  and  Washington 
streets  in  West  Roxbury,  near  the  Dedham  line. 

It  is  elongated  in  a  general  northwest-southeast  direc- 
tion, the  extreme  dimensions  being  approximtaely  1200  by 
3500  feet.  The  major  axis  coincides  in  position  and  trend 
with  the  common  boundary  of  the  fine  granite  and  the 
western  area  of  normal  granite,  the  evidence  being  quite 
conclusive  that  this  line  marks  an  important  displacement. 
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The  sharp  definition  of  this  neck,  with  its  continuous  rim  of 
granite,  is,  of  course,  chiefly  due  to  the  fact  that  erosion 
has  removed  the  la;st  vestige  of  the  effusive  felsite  which 
we  must  assume  to  have  once  covered  its  site  and  a  wide 
area  of  the  enclosing  granites. 

Not  to  classify  this  sharply  defined  body  of  acid  lavas 
as  a  true  neck  or  vent  would  seem  to  necessitate  regarding 
it  as  a  depressed  fault  block  or  graben,  a  remnant  of  a  once 
widely  extended  volcanic  sheet  covering  the  granites  which 
has  escaped  erosion  through  the  accident  of  displacement. 
But  the  varied  and     prevailingly  clastic     character  of  the 
lavas  and  the  general  structure  of  the  mass  are,  at  least, 
highly  suggestive  of  a  vent,  and  force  the  conclusion  that 
there  must  be  a  vent  somewhere  in  this  part  of  the  com- 
plex.    Although,  omitting  intersecting  dikes  of  felsite,  an- 
desite  and  diabase,  the  neck  is  almost  wholly  composed  of 
effusive  types  of  felsite ;  it  is  yet,  quite  independently  of 
the  dikes,  highly  diversified  in  composition  and  structure — 
a  constantly  varying  complex     or     chaos  of     fragmental, 
fluidal  and  compact  or  structureless     lavas.     The     clastic 
phase,  ranging  from  the  finest  tuff  to  the  coarsest  breccia 
or  agglomerate,  largely  predominates  and  gives  character 
to  the  whole,  leaving  little  room  to  doubt  that  the  later 
eruptions,  at  least,  from  this  vent  were  in  part  explosive. 
Although  varying  greatly  in  azimuth  and  inclination,  and 
usually  much  contorted,  the  normal   attitude  of  the  flow 
structure  of  the  felsite  is  parallel  with  the  axial  plane  of 
the  neck,  or,  in  the  peripheral  portions,  with  the  proximate 
wall  of  granite.     The  interest  of  the  peripheral  phenomena 
culminates  in  the  southeastern  extremity  of  the  neck,  where 
it  is  continued  in  the  shattered  zone  of  granite  in  which  it 
had  its  origin  as  a  complex  of  granite     and     felsite,  the 
granite  being  cut  in  all  directions  by  irregular  branching 
and  coalescing  dikes  of  the    felsite,    which     is  brecciated, 
banded,  compact  or  porphyritic  by  turns  and  encloses  many 
large  and  small  angular  fragments  of  the  granite. 

While  we  need  not  doubt  that  the  fragmental  lavas 
are,  in  the  main,  true  pyroclastics,  the  product  of  explosive 
eruptions,  it  is  very  probable  that  they  are  in  part  auto- 
clastics,  or  breccias  resulting  from  the  continued  movement 
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of  the  magma  after  it  began  to  stiffen  and  solidify.  The 
distinction  of  these  two  types  in  the  field  must  usually  be 
a  puzzling  matter,  so  much  depending  on  the  nature  of  the 
matrix  or  ground  mass;  but  it  is  assumed  here  that  local 
homogeneity  of  composition  (not  of  texture)  and  absence 
of  granitic  debris  are  characters  belonging  more  normally 
to  the  autoclastics.  In  considering  the  distinction  and 
probable  relative  abundance  of  the  pyroclastic  and  auto- 
clastic  lavas,  both  of  which  are  undoubtedly  prominent 
features  of  this  neck,  and  may  also  be  designated,  respec- 
tively, agglomerate  and  breccia,  we  may  properly  take  ac- 
count of  the  possibility  that  the  eruptions  were  subaqueous^ 
at  least  in  part,  and  note  the  cracking  and  shattering  of 
the  lava  that  would  follow  its  sudden  quenching.  It  is- 
doubtful,  however,  if  much  of  the  breccia  has  the  crackled 
character,  with  accurately  fitting  fragments,  which  this 
explanation  would  require.  Nevertheless,  the  presence  of 
water  is  plainly  suggested  by  the  rather  distinct  stratifica- 
tion of  some  of  the  finer  tuffs,  such  as  may  be  observed  in 
the  central  part  of  the  neck  especially. 

Attention  is  thus  directed  to  one  of  the  most  interest- 
ing and  puzzling  features  of  the  neck.  This  is  a  very  com- 
pact gray,  slaty-looking  rock,  irregular  masses  of  which  are 
enclosed  in  the  more  normal  or  unquestionable  agglomer- 
ate and  also  in  the  fluidal  felsites  and  occur  only  in  the 
ivestern  central  portion  of  the  neck,  all  the  outcrops  being 
included  within  an  area  about  one  thousand  feet  long  in 
a  north-south  direction  and  perhaps  half  as  wide.  This 
material,  which  may  be  as  distinctly,  evenly  and  finely,  or 
as  obscurely,  stratified  as  any  slate,  was  at  first  mistaken 
for  an  older  slate  enclosed  in  the  volcanics.  But  further 
study  of  the  field  relations  showed  that  it  must  be  contem- 
poraneous and  essentially  a  tuff  or  consolidated  ash.  As 
noted  bv  Dr.  Bascom.  this  conclusion  is  confirmed  bv  both 
the  microscopic  and  the  chemical  analyses.  The  combined 
alkalies  are  far  higher  than  for  a  normal  slate  and  agree 
closely  with  those  of  the  felsites.  These  masses  range  in 
extent  from  a  few  inches  to  many  feet.  They  are  some- 
times ill-defined,  cloud-like  patches  in  the  lavas;  but  more 
commonly  they  are  sharply  outlined  and  the  contacts  with 
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the  felsite  are  unquestionably  igneous,  being  firmly  welded 
and  the  sediment  well  baked  for  a  breadth  of  one  to  several 
inches.  Even  closely  adjacent  masses  do  not  usually  agree 
in  dip  and  strike;  but  the  relations  are  what  might  be  ex- 
pected in  the  case  of  a  bed  or  beds  of  imperfectly  consoli- 
dated ash  disturbed  by  later  eruptions,  largely  of  an  ex- 
plosive character.  The  close  relation  of  the  consolidated 
ash  or  slaty  tuff  to  the  felsite  agglomerate  is  clearly  indi- 
cated in  some  instances  by  the  intercalation  of  visibly  clas- 
tic layers.  Finally,  we  may  regard  the  ash  as  the  finest 
product  of  an  explosive  eruption  which  was  in  some  sense 
subaqueous,  closely  followed  by  eruptions  which  were  only 
in  part  of  an  explosive  character,  yielding,  besides  the  true 
agglomerates,  compact,  fluidal  and  autoclastic  felsites  in- 
tersecting and  enclosing,  alike,  the  agglomerate  and  the  ash. 

Accepting  the  West  Roxbury  neck  as  a  true  volcanic 
vent,  as  apparently  we  must,  it  may  be  assumed  to  have 
originated  in  a  more  or  less  complex  and  branching  fault 
fissure;  and  the  local  widening  of  such  a  fissured  zone  to 
the  present  breadth  of  the  neck  when  it  finally  became  the 
locus  of  vulcanism  would  be  a  natural  consequence  of  the* 
•explosive  action  of  which  we  have  such  ample  evidence. 
In  other  words,  we  need  not  assume  that  the  granite  was 
melted  away,  or  forced  out  en  masse,  Pelee  fashion;  but  it 
IS  sufficient  to  assume  a  splintering  and  shattering  of  the 
granite  walls  under  the  influence  of  shock  and  heat.  The 
resulting  granite  debris  would  be  borne  upward  by  the 
constantly  increasing  volume  of  viscous  lava  made  possible 
by  the  widening  of  the  vent,  and  finally  discharged,  largely 
through  the  agency  of  violent  explosions.  This  explana- 
tion, the  essence  of  which  is  a  gradual  crumbling  and  ex- 
foliation, accompanied  by  cracking  and  rending  of  the 
granite  walls  of  the  primordial  fault  fissure,  accounts  for  the 
general  diffusion  of  granitic  detritus  through  the  clastic 
lavas,  as  well  as  for  larger,  isolated  masses  of  granite  which 
now  add  to  the  diversity  of  the  neck. 

The  Hyde  Park  Neck, — ^This  large  and  composite  neck 
occupies  a  more  central  position  than  the  West  Roxbury 
neck  in  relation  to  the  complex;  and  presents  some  other 
distinguishing  features.     It  is,  probably,  best  regarded,  in 
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detail,  as  two  necks  developed  on  fissures,  approximately 
parallel  with  the  major  axis  of  the  West  Roxbury  neck ; 
but  converging  irregularly  northwestward,  near  the  Cam- 
brian outliers;  and  the  united  axes  might  be  regarded  as 
continued  in  the  great  dike  of  quartz  and  granite  porphyry* 
Where  most  widely  separated  and  most  distinctly  developed 
as  necks,  these  fissures  are  clearly  compensating  displace- 
ments bounding  a  depressed  area  approximately  half  a  mile 
wide. 

The  southwestern  fissure,  designated  the  Bold  Knob 
neck,  shows  a  wall  of  the  massive  quartz  porphyry  of  the 
contact  zone  bordered  on  the  northeast  by  several  hundred 
feet  in  breadth  of  coarse  felsite  agglomerate,  the  felsitic 
matrix  of  which  is  packed  with  large,  angular  fragments 
of  both  felsite  and  quartz  porphyry.  Northeastward,  or 
away  from  the  wall  of  quartz  porphyry,  the  agglomerate 
becomes  rapidly  finer  and  shades  off  into  fluidal,  spheru- 
litic  and  other  obviously  effusive  forms  of  felsite.  Similar- 
ly the  northeastern  fissure,  known  as  the  Grew's  Woods 
neck,  shows  an  immense  mass  of  exceptionally  coarse  ag- 
glomerate sharply  limited  on  the  northeast  by  normal  gran- 
ite. The  agglomerate  has  a  maximum  breadth  of  nearly  a 
thousand  feet,  passing  gradually,  as  before,  into  the  effu- 
sive felsites,  which  are  continuous  over  the  area  interven- 
ing between  the  two  bodies  of  agglomerate.  Not  only  has 
the  effusive  felsite  discharged  by  flow  and  explosion  from 
these  fissures  overspread  the  depressed  area  which  they 
bound ;  but  from  this  expanding  area,  as  from  a  cornucopia, 
the  felsite  flows  have  spread  eastward  over  a  large  part  of 
Hvde  Park  and  into  Dorchester  and  Milton.  Unlike  the 
West  Roxbury  neck,  and  on  account  of  the  general  east- 
ward inclination  of  the  geological  structure  of  the  district, 
erosion  has  not  cut  deeply  enough  to  remove  entirely  the 
effusions  of  this  most  eastern  of  the  recognized  felsite 
necks. 

Felsite  Stocks. — Besides  the  large  and  essentially  in- 
dubitable necks  of  acid  lava  described  in  the  preceding 
pages,  we  must,  as  previously  noted,  recognize  several  more 
or  less  probable  stocks  or  plugs  of  felsite  in  the  sedentary 
zones  of  the  batholite.    These  masses,  which  may,  perhaps^ 
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best  be  regarded  as  more  deeply  denuded  as  well  as  smaller 
necks,  are  intermediate,  in  size  at  least,  between  the  un- 
doubted necks  and  the  normal  felsite  dikes.  They  arc 
related  to  the  necks  in  form  and  to  the  dikes  in  lithologic 
character,  lacking  entirely  the  clastic  and  fluxion  characters 
and  the  general  structural  heterogen^ty  of  the  necks.  One 
difficulty  in  regarding  them  as  dikes  is  that  they  do  not 
appear  to  occupy  dynamic  fissures,  being  chimney-like 
rather  than  dike-like  in  form.  The  clearest  examples  arc 
roughly  circular  or  elliptical  plugs  200  to  300  feet  in  diam- 
eter, isolated  in,  and  enclosing  numerous  fragments  of,  the 
normal  granite.  The  rock,  although  felsitic  in  general  as- 
pect, is,  perhaps,  better  described  as  a  dense,  non-porphy- 
titic  microgranite.  It  is  essentially  homogeneous  and 
structureless,  except  for  an  indistinct  peripheral  zone  of 
true  felsite,  in  part  fluidal. 

Felsite  Dikes. — In  the  general  view  the  entire  area  of 
the  complex  appears  to  be  traversed  by  dikes  of  felsite. 
They  are,  however,  especially  characteristic  of  the  seden- 
tary zones  of  the  batholite  and  the  felsite  necks,  and  are 
observed  less  commonly  in  the  effusive  felsites.  In  spite 
of  the  fact  that  they  sometimes  cut  both  the  felsite  necks 
and  flows,  the  dikes,  as  a  whole,  are  undoubtedly  best  re- 
garded as  essentially  contemporaneous  with  the  acid  vol- 
canics,  and  we  may  fairly  suppose  that  in  some  instances 
they  have  formed  effective  vents.  We  have  seen  that  they 
intersect  the  great  dikes  of  quartz  porphyry  and  granite 
porphyry;  but  here,  again,  an  important  difference  of  age 
is  not,  apparently,  a  necessary  inference.  The  relation  of 
the  felsite  dikes  to  the  necks  is  in  some  cases  distinctly 
radial ;  but  a  broader  view  shows  that  with  few  exceptions 
they  tend  to  be  normal  to  the  major  axes  of  the  felsite 
necks  and  the  fracture  zones  in  which  the  necks  have  been 
developed.  The  prevailing  trend,  therefore,  is  northeaster- 
ly and  southwesterly. 

In  the  extension  of  the  axial  shear  zone  of  the  West 
Roxbury  neck,  the  felsite  forms  a  plexus  of  irregular  intru- 
sions, which  branch  and  coalesce  in  a  quite  remarkable 
way;  while  the  true  dikes  represent  the  filling  of  compara- 
tively simple  and  sharply-defined  transverse  fissures  due. 
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perhaps,  to  torsional  stresses  accompanying  the  shearing. 
The  felsite  dikes  range  in  size  up  to  a  hundred  feet  or 
more;  and  they  can  be  traced  in  some  instances  for  a  good 
fraction  of  a  mile ;  but  the  correlation  of  individual  outcrops 
is  often  difficult  because  of  marked  irregularities  of  form 
and  trend.  As  described  by  Dr.  Bascom,  the  felsite  of  these 
dikes  is  mainly  either  densely  compact  or,  more  commonly, 
inconspicuously  porphyritic.  In  general,  and  as  might  nat- 
urally be  expected,  the  larger  dikes  have  porphyritic  centers 
and  nonporphyritic  or  compact  borders;  while  the  smaller 
dikes  are  often  nonporphyritic  throughout.  With  few  ex- 
ceptions, the  peripheral  portions  of  the  dikes  exhibit  more 
or  less  distinct,  and  often  very  marked,  fluidal  structure 
parallel  with  the  walls ;  and  the  smaller  dikes  may  be  char- 
acterized by  the  fluxion  lamination  through  their  entire 
thickness.  The  large  dikes,  also,  are  usually  dark  red  or 
purple  in  the  middle  portion  and  greenish  gT2Ly  along  the 
borders ;  while  the  small  dikes  are  commonly  gray  across  the 
entire  section.  It  appears  probable  that  the  normal  orig- 
inal color  of  the  felsite  was  g^ray,  that  it  was  subsequently 
reddened  by  oxidation  and  slater  bleached  by  deoxidation 
and  leaching  along  the  borders.  The  greenish  color  of  the 
periphery  is,  however,  according  to  Dr.  Bascom's  observa- 
tions, to  be  connected,  in  most  cases  at  least,  with  a  more 
or  less  marked  epidotization,  often  followed  by  hydration 
and  the  development  of  pinite;  and  not  infrequently  a  bor- 
der of  nearly  pure,  soft,  green  pinite  has  resulted. 

PRE-CARBONIFEROUS  BFFUSIVBS. 

Effusive  Felsite  or  Normal  Aporehyolite  — The  acid 
effusions  of  the  vents  described  in  the  preceding  sections, 
and,  doubtless,  of  other  vents  still  entirely  concealed  by  the 
cflfusives,  probably  constitute  for  the  Neponset  valley,  a 
more  or  less  continuous  sheet  of  lava  chronologically  and 
stratigraphically  intermediate  between  the  denuded  surface 
of  the  batholite  and  the  Carboniferous  sediments  and  dis- 
tinctly unconformable  in  its  relations  to  both.  The  petro- 
graphic  and  chemical  characters  of  the  effusive  felsites  have 
been  fully  described  by  Dr.  Bascom.  The  original  textural 
variations  are  most  notable,  including  compact,  fluidal, 
spherulitic,  and  clastic  forms.     Although  the  surface  ex- 
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posures  are  numerous  and  instructive,  by  far  the  most  com- 
plete section  of  the  felsites  was  that  afforded  temporarily 
during  the  construction  of  the  Stony  Brook-Neponset  tun* 
nel,  nearly  a  mile  long,  of  the  High-level  sewer.  This  shows 
the  felsites  resting  upon  both  the  normal  and  fine  granites 
at  points  remote  from  the  nearest  surface  exposures  of  these 
rocks.  The  flow  structure  of  the  felsites,  originally  hori- 
zontal, is  now  everywhere  highly  inclined  and  chiefly  ver- 
tical, showing  that  the  plication  of  the  Carboniferous  sedi- 
ments was  shared  by  their  volcanic  floor.  As  to  the  orig- 
inal or  normal  thickness  of  the  acid  effusives  of  the  Nepon- 
set  valley,  we  have  no  reliable  data;  but  it  was  quite  cer- 
tainly to  be  measured  by  hundreds  and  probably  not  by 
thousands  of  feet. 

CARBONIFBROUS  VOLCANICS. 

The  volcanic  rocks  definitely  known  to  be  contempo- 
raneous with  the  Carboniferous  conglomerate  of  the  Nepon- 
set  valley  include  a  moderately  acid  type — trachyte,  and  a 
^moderately  basic  type — andesite.  The  andesite  larg;ely  pre- 
dominates; but  the  trachyte  is,  in  the  main  at  least,  the 
older  and  may,  perhaps,  be  regarded  as  in  some  sense  a 
transition  type  between  the  felsite  and  andesite. 

Apotraehyte, — As  described  by  Dr.  Bascom,  this  is  a 
coarsely  and  profusely  porphyritic  rock  of  highly  feldspathic 
composition,  with  albite  as  the  predominating  feldspar.  Dr. 
Bascom  shows  that  the  cheniical  analysis  of  this  rock  con- 
firms its  classification  as  a  soda-trachyte  in  which  diopside 
must  have  been  an  original  constituent;  or,  having  regard 
for  its  present  ajtered  condition,  it  may  be  more  precisely 
defined  as  a  soda-apotrachyte.  This  rock  has  been  recog- 
nized as  forming  one  small  flow  conformably  interbedded 
with  the  conglomerates  of  the  Central  Avenue  district  in 
Milton,  and  a  probable  vent,  in  part  of  agglomeratic  struc- 
ture, on  the  New  England  railroad  north  of  River  street, 
Hyde  Park.  The  latter  occurrence  was  intersected  and 
more  fully  exposed  by  the  Stony  Brook-Neponset  tunnel. 

Apoandesite, — This  important  volcanic  is  described  by 
Dr.  Bascom  as  an  aphanitic  rock  of  dark .  purplish  and 
greenish  tints  in  which  the  original  constituents  are  mainly 
altered  to  calcite,  chlorite,  epidote,  quartz  and  other  second- 
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ary  species.  The  microstructure  is  commonly  trachytic  an<J. 
inconspicuously  fluidal  and  porphyritic;  and  the  effusive- 
phases  are  often  amygdaloidal  or  clastic.  The  distinguish* 
ing  feature,  chemically,  as  for  the  trachyte,  is  found  in  th^ 
high  percentage  of  soda;  and  the  extensive  mineralogic 
alteration,  without  obliteration  of  original  structures,  makes 
this,  therefore,  a  normal  soda  apoandesite. 

In  areal  extent  and  structural  value  the  Carboniferous 
andesite  is  comparable  with  the  pre-Carboniferous  felsite; 
and  like  the  felsite,  it  is  found  in  the  three  general  modes  of 
occurrence — necks,  dikes  and  flows.  The  bedded  lavas, 
both  acid  and  basic,  of  the  Neponset  valley  are  believed  to 
be  exclusively  contemporaneous. 

The  andesite  dikes  are  very  numerous;  and  they  are 
found  in  all  parts  of  the  complex — cutting  the  successive 
zones  of  the  batholite  and  its  cover  of  acid  lava  (felsite), 
and  cutting  also  the  acid  dikes  of  various  types,  including 
the  porphyry  dikes,  and  the  necks,  stocks  and  dikes  of  fel- 
site. In  di§tribution,  trend,  form  and  size  they  are  com- 
parable with  the  felsite  dikes ;  and  the  profusion  of  the  basic 
dikes  clearly  indicates  a  very  general  and  extensive  Assur- 
ing of  the  subcrust  during  the  subsidence  which  permitted 
the  deposition  of  the  Carboniferous  conglomerate. 

It  is  not  improbable  that  some  of  the  andesite  dikes 
have  formed  effective  vents.  But  of  unequivocal  or  nor- 
mal necks  there  are  no  indications  in  the  sedentary  zones 
of  the  batholite  or  in  the  vicinity  of  the  felsite  necks;  but 
they  are  to  be  found  farther  east,  in  the  effusive  felsite%» 
the  clearest  examples  occurring  on  either  side  of  the  Nepon- 
set, in  the  Mattapan  district  of  Dorchester  and  the  Colum- 
bine district  of  Milton.  These  vents  are  decidedly  elon- 
gated or  fissure-like ;  but  they  are  readily  distinguished  from 
the  andesite  dikes  by  even  greater  irregularity  of  outline 
and  especially  by  the  heterogeneity  of  structure  and  the 
prevalence  of  coarsely  clastic  or  agglomeratic  lava.  The 
evidence  is  quite  as  clear  as  for  the  dikes  that  the  andesite 
is  younger  than  the  effusive  felsites. 

The  andesite  flows,  like  the  dikes,  are  chiefly  aphanitic, 
but  embrace,  also,  amygdaloidal  and  scoriaceous  forms ;  and 
in  the  western  part  of  the  field,  especially,  bedded  tuff  and 
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agglomerate,  the  product,  probably,  of  explosive  submarine 
eruptions,  are  prominently  developed.  The  contempora- 
neous relation  of  the  effusive  andesite  and  the  conglomerate 
is  especially  clear  for  these  fragmental  varieties ;  but  hardly 
less  so  for  the  regularly  interbedded  flows  in  the  Central 
avenue  and  other  parts  of  the  field.  The  transverse  sec- 
tions of  individual  flows  are,  in  some  instances,  very  in- 
structive, showing  a  normal  gradation  upward  from  densely 
aphanitic  to  amygdaloidal  and  scoriaceous  forms  of  lava. 

DIABASE  DIKBS. 

As  previously  intimated,  the  diabase  dikes  of  this  area, 
as  of  the  Boston  basin  generally,  are  referable  to  two  dis- 
tinct series — distinct  in  age,  trend  and  lithologic  character. 
We  may  properly  emphasize  the  chronologic  distinction,  as 
of  greatest  geologic  significance,  by  designating  these  two 
series,  provisionally,  the  Carboniferous  and  the  Triassic. 
Evidently,  the  diabase  dikes  are  not  related  in  origin  or 
composition  to  any  of  the  other  igneous  rocks  of  the  dis- 
trict ;  and  in  size,  regularity  and  continuity  the  two  systems 
are  essentially  similar  and  normal. 

Carboniferous  Diabase  Dikes  -  The  normal  trend  of 
the  numerous  dikes  of  this  series  is  approximately  east- 
west;  and  they  rarely  vary  more  than  thirty  degrees  from 
the  normal.  Although  commonly  approximately  vertical, 
they  are  more  likely  than  the  Triassic  dikes  to  exhibit  a  dis- 
tinct hade,  especially  in  the  sedimentary  terranes,  the  mani- 
fest tendency  being  to  conform  with  the  strike  joints  of  the- 
enclosing  formation.  In  other  words,  these  are  longitudin- 
al dikes,  traversing  a  series  of  unsymmetric  folds,  and  sym- 
pathizing in  attitude  with  the  tension  planes  of  the  flexures, 
having  been  developed  during  a  period  of  folding  and  strike 
or  thrust  faulting.  In  the  dikes  of  this  series  transverse 
columnar  jointing  is  rarely  distinctly  developed.  Litho- 
logically  they  are  rather  fine-grained  greenstones,  the  orig- 
inal or  normal  constituents  having  suffered  extensive  chlo- 
ritization  and  epidotization,  in  consequence  of  which  the 
diabase  is  somewhat  immune  to  kaolinization  and  to  be 
reckoned  among  the  more  resistant  rocks  of  the  region. 

Triassic    Diabase    Dikes — The  rather  infrequent  dikes 
of  this  series  adhere  very  closely  to  a  north-south  trend  and 
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vertical  attitude,  a  hade  of  even  a  few  degrees  being  very 
unusual.  Their  relation  to  the  general  geological  structure 
of  the  region  is  distinctly  transverse;  and,  evidently,  they 
date  from  a  period  of  gravity  faulting  without  folding,  such 
as  the  Triassic  is  known  to  have  been.  Transverse  colum- 
nar jointing  is  commonly  well  developed;  the  greenstone 
alteration  is  wanting;  and  the  rock  yields  readily  to  kaolin- 
ization,  the  tendency  to  pass  by  spheroidal  weathering  to  a 
rusty  brown  earth  being  a  marked  feature  of  this  diabase. 


STRATIC^APHY  OF  THE  EASTERN   OUTCROP  OF  THE  KAN- 

8A8  PERMIAN.^ 
By  J.  W.  Bbids  and  S.  H    Sbllards. 

PLATES  IV-V. 

According  to  Prossert  and  FrecW,  the  Wreford  lime- 
stone may  be  considered  the  base  of  the  Kansas  Permian. 
The  writers'  studies  are  at  present  confirmatory  to  this 
view.  From  a  geographic  standpoint  this  is  a  most  fortu- 
nate occurrence  as  this  limestone  forms  one  of  the  most 
striking  and  persistent  escarpments  in  Kansas.  It  is  the 
most  easily  mapped  formation  in  the  state  with  the  possi- 
ble exception  of  the  Florence  flint,  sixty  feet  above  it.  The 
northern  two-thirds  of  the  outcrop  has  already  been  worked 
out  and  discussed  in  greater  or  less  detail,  and  is  fairly 
well  known,  but  this  can  hardly  be  said  of  the  southern 
third.  The  object  of  the  present  paper  is  to  give  a  general- 
ized map  of  the  outcrop,  so  far  as  determined,  and  to  furnish 
an  idea  of  the  stratigraphy,  throughout  the  length  of  the 
strike  in  Kansas — a  distance  of  over  200  miles  while  the  ex- 
tent of  the  outcrop  is  several  times  as  g^eat. 

NATURE  OF  THE  OUTCROP. 

In  the  region  north  of  the  Kansas  river  the  escarpment 
formed  by  the  Wreford  limestone  is  frequently  fainter  than 
that  of  the  Florence  flint  and  Fort  Riley  limestone.  This 
is  true  of  most  of  the  Blue  river  region  north  of  Garrison. 

The  Cottonwood  limestone  escarpment  is  subordinated  in 

— ^^■^— ^— ^^~^^—^'^~  '  "^■^— ^ 
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t  Jour.    OeoL,    x.    pp.    709,    710,    7S1-724,  1B08. 

t  Lethaea  Palaeosoica,   II,   Lief.  2,  p.  378,  &c,  1899. 
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the  northern  third  of  its  outcrop  where  the  Wreford  lime- 
stone and  Florence  flint  appear  in  the  same  bluffs,  as  in 
some  localities  in  the  Blue  river  region.  However  its  out- 
crop is  always  strongly  marked  when  it  is  found  at  consid- 
erable altitudes  above  drainage  level  or  well  removed  from 
the  flints,  as  at  Manhattan,  Frankfort,  Alm^,  etc.,  except 
when  deeply  drift  covered  as  near  Summerfield. 

In  the  central  region,  from  the  Kansas  river  south  to 
the  vicinity  of  Reece,  the  Wreford  limestone  is  best  devel- 
oped and  forms  a  very  strong  escarpment  with  the  Flor- 
ence flint  forming  another  just  above  and  west  of  it. 
Throughout  this  region  as  far  south  as  Bazaar,  Chase  Co., 
the  Cottonwood  limestone  escarpment  retains  its  sharp  out- 
line and  whitish  appearance.  For  the  entire  distance  from 
the  Nebraska  line  the  Cottonwood  limestone  retains  its 
striking  peculiarities  which  are  so  distinct  that  even  an 
amateur  would  not  overlook  it.  The  same  may  be  said  of 
the  Florena  shale  lying  upon  it.  South  of  the  latitude  of 
Bazaar  both  these  layers  Ipse  their  distinctive  characters 
and  cease  to  be  of  great  importance  as  horizon  markers. 
Whether  or  not  they  extend  across  the  southern  part  of 
the  state  as  distinct  strata  can  only  be  determined  by  care- 
fully tracing  them  the  entire  distance.  In  the  southern 
region,  except,  perhaps  the  southern  fourth  of  it,  the  Wre- 
ford limestone  escarpment  becomes  somewhat  accentuated, 
where  it  actually  reaches  the  crest  of  the  ridge.  This  is 
due  as  much  to  the  drainage  as  to  the  relative  importance 
of  the  stratum  which  is  really  thinner  here  than  it  is  farther 
north.  At  Beaumont  and  Grand  Summit  it  has  been  re- 
moved from  the  top  of  the  escarpment.  At  the  former 
place  it  occurs  at  the  front  of  the  ridge  some  distance  north 
and  south  of  the  railroad  but  falls  back  to  the  middle  of  the 
town  and  is  lower  in  altitude  than  the  railroad  grade  at  the 
crest  of  the  escarpment  on  account  of  the  westerly  dip  of 
the  rocks.  This  is  more  strikingly  the  case  at  Grand  Sum- 
mit where  the  Wreford  limestone  and  some  ninety  feet  of 
underlying  rocks  have  been  removed  along  the  railroad  as 
far  west  as  Grouse  creek,  west  of  Cambridge.  About  two 
miles  north  of  Grand  Summit  it  appears  in  the  top  of  the 
escarpment  and  also  forms  a  high  ridge  west  of  the  town. 
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as  will  be  noted  later.  South  of  this  region  local  structures 
come  to  be  of  some  importance  and  the  stratigraphy  has 
not  been  worked  out  in  detail.  Just  east  of  Dexter  it  may 
be  seen  dipping  sharply  into  the  ground  to  the  eastward 
while  the  general  dip  is  to  the  west. 

As  far  south  as  Reece  the  Florence  flint  reaches  nearly 
to  the  edge  of  the  escarpment  forming  a  second  prominent 
bench.  South  of  this  it  becomes,  frequently,  less  distinct — 
except  in  the  region  of  Burden,  and  comes  in  in  the  back- 
slope  toward  the  Walnut  river  forming  a  second  escarp- 
ment. It  is  impossible  to  locate  the  Cottonwood  limestone 
with  certainty  here  by  its  lithologic  or  other  characters. 
All  the  limestones  of  any  considerable  importance  are  ex- 
cellently shown  in  the  numerous  cuts  and  exposures  but 
none  of  them  possess  the  typical  appearance  of  the  Cotton- 
wood. The  writers  are  of  the  opinion  that  it  is  continuous 
with  changed  lithologic  characters  throughout  this  region, 
but  this  is  by  no  means  certain.  It  has  never  been  traced 
to  the  southern  limit  of  Kansas  and  "into  Oklahoma"  by 
any  Kansas  geblogist.*  The  statements  of  Keyes  were 
probably  based  on  Haworth's  reconnaissance  map  published 
in  the  first  and  second  reports  of  the  Kansas  survey ,t  which 
was  probably  based  on  Adams'  section  from  Galena  to 
Wellington.^  If  the  Cottonwood  limestone  extends  this 
far  south  the  map  mentioned  is  not  much  in  error  as  to  its 
general  location.  On  this  map  the  Cottonwood  limestone 
is  marked  as  the  upper  limit  of  the  Coal  Measures  and  the 
rocks  above  are  indicated  as  Permian  in  accordance  with 
Prosser's  earlier  opinion.* 

The  outcrop  of  the  Florence  flint  and  Fort  Riley  lime- 
stone closely  parallels  the  outcrop  of  the  Wreford  limestone 
across  the  state  and  could  be  reijresented  in  a  general  way 
by  a  line  close  to  the  line  on  the  accompanying  map,  but 
lying  just  west  of  it.  The  same  would  be  true  of  the  Cot- 
tonwood limestone  as  far  south,  or  a  little  farther,  than  the 
latitude  of  Emporia  but  lying  just  east  of  the  Wreford  lime- 
stone.    In  such  places  as  Manhattan.  Frankfort,  and  Mill 

*  Keyes,   Amer.    Oeol.   xxlil,   pp.   308  and  811. 

t  Univ.  Oeol.  Surv.  Kans.,   I,  pi.  xx\,  1898;   II.  pi.  xlvili.  1897. 

tOp.   Cit,   I.   pp.    18-80.    1888. 

f  For  the  original  classification  and  the  references  to  the  literature* 
•M,  Jour.  Oeol.,  Ill,  pp.  882-706,  784-800  and  especially  chart  p.  800.  1898: 
For  revised   classification   see   Ibid.    x.    pp.   708-737.   1908. 
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creek,  in  Wabaunsee  county,  there  would  be  some  error  in 
the  latter  statement,  but  in  general  it  would  be  true. 

DETAILS  OF  STRATIGRAPHY. 

In  order  to  give  a  clear  idea  of  the  stratigraphy  of  this 
horizon  throughout  its  g^eat  extent  of  outcrop  it  will  be 
necessary  to  discuss  each  of  the  several  associated  forma- 
tions and  give  detailed  sections  of  well  distributed  ex- 
posures. 

As  already  stated  the  escarpment  of  the  "Flint  hills" 
(formed  by  the  Wreford  limestone,  Florence  flint  and  Fort 
Riley  limestone)  is  so  marked  a  feature  that  it  may  be 
traced  across  the  state  without  difficulty.  Quite  as  striking 
still  is  the  great  uniformity  of  the  formations  associated 
with  the  escarpment. 

Northern  province:  In  1858  Henry  Englemann  passed 
over  this  region  and  briefly  discussed  the  rocks,  probably  in 
the  vicinity  of  Frankfort  and  Marrett.*  In  1881  Broadhead 
published  a  paper  on  the  "Geology  of  the  Central  Branch 
railroad'^t  giving  sections,  particularly  at  Frankfort.  These 
papers  are  discussed  by  one  of  the  writers  in  the  Kans. 
Univ.  Quart.,  IX,  pp.  191-202.  In  1895  Knerr  ran  a  section 
over  the  same  route.* 

The   Nebraska  area  has  been  pretty   thoroughly   dis-. 
cussed  by  Knight.5     The  writers  have  been  over  the  Blue. 
Springs  (=Wymore),  Nebraska  area  and  studied  his  sec- 
tions in  a  general  way.     According  to  Knight's  section  the. 
thickness  of  the  Florence  flint  in  the  bluffs  opposite  Blue 
Springs,  numbers  5  to  7  of  his  section,  is  19  feet  2  inches, 
with  13  feet,  numbers  8  and  9,  of  the  Fort  Riley  limestone 
exposed  above  it.     At  the  Crusher  quarry,  near  the  B.  and 
M.  R.  R. — U.  P.  junction  south  of  Blue  Springs  we  measured 
the  section  of  the  Florence  flint,  finding  it  to  be  19  feet  6 . 
inches  with  a  four  foot  layer  of  limestone  beneath.     Includ- 
ing this  limestone,  which  was  not  included  in  the  flint  in 
Knight's  section,  the  total  thickness  would  be  23  feet  6. 
inches.     This  lower  layer  is  somewhat  fossiliferous.     Just 
north  of  the  junction  beneath  the  U.  P.  bridge  over  the  little 

"  Simpson.  Expl.   Exped.  Gt.  Basin,  Utah,  p.  2B4,  1869. 
t  Kans.   City  Rev.   Scl.  and  Ind.,  V,  d.  119  et  seq. 
t  Univ.    Qeol.    Surv.    Kans..    I,   pp.    140-144,   1886. 
S  Jour.  Oeol..  vil,   pp.  867-874. 
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creek  the  Wreford  limestone  is  exposed.  The  interval  be- 
tween this  outcrop  and  the  base  of  the  Florence  flint,  in  the 
Crusher  quarry  is  61  feet,  barometrically.  This  interval 
represents  the  thickness  of  the  Matfield  formation  at  this 
locality,  with,  perhaps,  some  of  the  upper  part  of  the  Wre- 
ford limestone. 

(For  the  description  and  definition  of  the  forma tional  terms 
used  in  this  paper  see  the  two  papers  of  Prosser  previously  cited 
and  Folio  109,  U.  S.  Geol.  Surv.  Atlas.  It  is  also  necessary  to  call 
attention  to  Adams'  paper,  Bull.  211  U.  S.  Geol.  Sunr.,  1903,  in 
which  these  formations  were  discussed  and  given  the  names  pro- 
posed hy  Prosser  in  the  latter  of  the  two  papers  referred  to  which 
appeared  ahout  10  months  prior  to  Adams'  paper.  ConscQuently 
Adams'  statements  concerning  the  Elmdale,  Bskridge,  Matfield  and 
Doyle  formations,  pp.  54-59,  that  "It  has  not  heretofore  received  a 
distinct  name"  etc.  etc.  are  in  error.  More  lamentahly  so  hecause 
from  his  own  statement  to  me  he  was  thoroughly  cognizant  of 
Prosser's  paper  for  months  hefore  his  paper  was  puhlished. — Beede.) 

Owing  to  an  anticlinal  structure  north  of  the  Kansas 

line  the  Wreford  limestone  appears  at  the  B.  and  M.  R.  R. 

junction  as  just  mentioned  and  is  somewhat  fossiliferous. 

The  section  beneath  the  U.  P.  bridge  is  as  follows: 

4.  Chert,  a  fourteen  inch  layer  1  ft.  2  inches 

3.  Limestone,  irregular  and  rather  thin  bedded 3  "    0      " 

2.  Shales,  hard  buff  3  "    0 

1.  Shales,  blue,  extending  to  the  creek  bed 2  "    0 


« 


Total    9  ft.  2  inches 

Numbers  3  and  4  probably  represent  the  upper  part  of 
the  Wreford  limestone  and  are  somewhat  fossiliferous 
while  I  and  2  are  probably  interbedded  shales  with  the 
major  part  of  the  limestone  below. 

At  Holmesville  (not  visited  by  the  writers)  a  little  over 
20  feet  of  limestone,  according  to  Knight's  section  may  be 
referred  to  the  Wreford,  the  lower  six  feet  of  which  is 
cherty.*  The  section  at  the  state  line  was  not  visited  by 
the  writers  but  according  to  Knight's  section  there  are  35 
feet  of  Matfield  shales,  numbers  i  and  2  of  his  section,+  and 
apparently  15  feet  of  Florence  flint,  number  3.  However 
it  seems  probable  that  number  4  of  his  section  contains 
about  two  feet  of  cherty  limestone  belonging  to  the  Flor- 


*  Op.  cit.  p.  M8. 
t  Loc  cit.  p.  867. 


^8  The  American  GeolQgisU  Aur»t.  1905 

tence  flint.  Numbers  4  to  7  represent  the  Fort  Riley  lime- 
stone, of  which  33=^  feet  are  shown  in  the  section.  In 
Beede's  section  at  Oketo^  the  top  of  the  Matfield  is  shown 
in  the  ravine  just  north  of  the  depot.  The  thickness  of  the 
Florence  flint  is  given  as  17  feet  and  the  total  thickness  of 
the  overlying  Fort  Riley  limestone  is  given  as  37  feet. 

Passing  down  the  Big  Blue  river  to  Marj-^sville  we  find 
the  same  general  conditions  repeated.  In  the  northern 
part  of  the  town  11  feet  of  the  top  of  the  Matfield  forma- 
tion followed  by  20  feet  of  the  Florence  flint  and  26  feet  of 
the  Fort  Riley  limestone  are  exposed,  as  shown  in  the  fol- 
lowing section: 

MARTSVILLE  SECTION. 

10.    Limestone,  thin  bedded,  disintegrated  2-(-  ft.  0  inches 

9.    Limestone,  brownish  with  fragments  of  pelecy- 

pods 2      "    6      " 

8.    Limestone,  thin  bedded,  light  colored  grading 

into  shale    3      "    9      " 

7.    Limestone,  cellular,  with  iron  streaks  and  stem- 
like  marks    3      "    9      " 

6.    Limestone,  cellular  5      "    0      " 

B.    Marls  and  clayey  shales  with  brachiopods  and 

bryoBoans 9      "    0      " 

4.  Limestones  with  layers  of  chert  and  chert 
concretions,  including  a  two  foot  layer  <^ 
soft  limestone  below  the  chert.  Aviculip- 
inna  at  the  top  of  the  flint 20      '*     0      " 

t.    Shale,  soft,  gray  and  fossilferous 0      "    6      " 

«.    Limestone    2      "    6      " 

1.    Shales,  red  and  blue,  carbonaceous  in  places, 

with  plants  8      "    0      " 

Total  57      ft  0  inches 

Numbers  1-3  belong  to  the  Matfield  formation,  number 
4  is  the  Florence  flint  and  5-10  are  classed  with  the  Fort 
Riley  limestone. 

Number  3  is  a  quite  fossiliferous  calcareous  shale  as  is 
■number  5.  The  latter  seems  to  be  more  nearly  related  to 
the  Fort  Riley  limestone  Hthologically.  that  is,  it  seems  to 
grade  into  the  limestone  laterally  more  than  into  the  flint, 
and  is  classed  with  it.  Bryozoa  and  Brachiopods  are  the 
dominant  fossils  of  this  layer.     The  individual  layers  of  the 

t  Paper  cited  above. 
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Fort  Riley  limestone  show  a  tendency  to  pinch  out,  or  to 
be  lenticular  as  is  shown  in  the  Marysville  and  Oketa  quar- 
ries but  it  has  no  effect  on  the  thickness  of  the  stratum  as 
a  whole. 

There  is  an  excellent  exposure  of  the  lower  Permian 
rocks,  ranging  from  the  upper  part  of  the  Wreford  well 
into  the  Fort  Riley  limestone,  on  the  west  side  of  the  Big 
Blue  river  three  miles  south  of  Marysville  where  the  bot- 
tom road  crosses  a  bridge  over  a  little  creek.  The  section 
begins  at  the  river  level  and  passes  up  the  creek  beneath 
the  bridge  to  the  top  of  the  high,  bare-faced  bluff  above 
the  bridge.  At  this  point  the  Wreford  limestone  passes 
beneath  the  Big  Blue  river,  causing  a  slight  fall. 

SECTION  AT  BRIDGE  ACROSS  CREEK  THREE  MILES  SOUTH 
OP  MARYSVILLE  ON  THE  WEST  SIDE  OF  THE 

BIG  BLUE  RIVER. 

28.    Limestone    . . ". 5-|-  ft.  0  inches 

27.    Covered    10      "    0      " 

26.    Limestone,  shaly   3      "    0      " 

25.    Limestone  with  fossils  and  a  little  chert 2      "0      ** 

24.    Shales,  yellow,  with  fossils 1      "    6      " 

23.    Limestone  with  3  to  4  layers  of  concretionary 

chert   3  "  4      " 

22.    Shale,  calcareous,  or  marl  0  "  9 

21.    Limestone  with  thin  chert  layer  below  and  4 

inch  layer  in  upper  part 2  "  0 

20.     Limestone  with  7  layers  of  concretionary  chert  5  ''  6 

19.    Limestone  with  4  layers  of  concretionary  chert  4  "  0 
18.    Shales,  fossiliferous,  =   layer  below   flint  at 

MarysTllle   0  "  6      " 

17.  Limestone,   argillaceous    3  "  0      " 

16.  Shales,  red  and  green  with  sandstone  layer..  14  "  0  " 

15.  Sandstone,  soft  red  1  "  3 

14.  Shales,  clayey,  blue,  olive  and  green 19  "  0  " 

18.  IJmestone,  blue   1  "  0  " 

12.  Shales,  blue  clayey  3  "  0 

11.  Talus,  by  barometer   25  "  0  " 

10.  Shales,  green,  showing  in  creek  bank 1  "  6  " 

9.    Covered,  creek  bed   3      "    0      " 


« 
<< 


8.    Limestone,  gray  clayey  2      "    0      " 

7.    Limestone,   very   compact   with    smooth   frac- 
ture, solid  geodes  1      "    0      " 
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6.    Limestone,  very  dark  blue  argillaceouB 6      "0      " 

5.    Limestone,  6  inches  to  1  foot,  with  fragments 

of  fossils  beneath  bridge 1      "    0      " 

4.    Chert,  6  inches  to 0      "    6      " 

3.    Limestone,  blue  with  fragments  of  fossils 0      "6      " 

2.    Chert   0      "    4      " 

1.  Limestone,  thin  layers  below  high  water  at  the 
mouth  of  the  creek.  Farther  out  in  the 
river  a  layer  of  chert  may  be  seen  at  low 
water    ?      "    ?      " 


Total   118      "    8 


«< 


Numbers  i  to  8  represent  the  upper  part  of  the  Wre- 
ford  limestone,  a  total  of  over  lo  feet  4  inches.  The  sec- 
tion covered  by  the  high  water  in  the  river  at  the  time  of 
our  visit  should  be  added  to  this  in  estimating  its  thickness 
at  this  exposure.  Numbers  9  to  16  are  the  layers  of  the 
Matiield  formation  which  has  an  aggregate  thickness  here 
of  67  feet  9  inches.  Numbers  17  to  23  represent  the  Flor- 
ence flint  with  a  thickness  of  19  feet.  -There  are  21  feet 
6  inches  of  the  Fort  Riley  limestone,  numbers  24  to  28, 
exposed  at  the  top  of  the  section. 

On  the  side  of  the  hill  west  of  Marysville  the  Florence 
flint  and  Fort  Riley  limestone  have  a  combined  thickness 
of  about  60  feet.  Resting  on  the  limestone  are  20  feet  of 
red,  blue,  green  and  yellow  shale$  followed  by  a  compara- 
tively thin  limestone.  The  remainder  of  the  hill  is  covered 
to  the  top,  a  distance  of  about  40  feet.  The  base  of  the 
Winfield  limestone  should  be  found  here  but  no  traces  of  it 
were  noticed. 

In  eastern  Marshall  county,  near  Beattie,  the  Cotton- 
wood limestone  is  eight  feet  thick,  the  lower  part  being  im- 
pure. At  this  locality  the  Florena  shales  are  only  two 
feet  thick.*     Above  this  are  exposed  ten  feet  of  argillaceous 

limestones     and      indurated     calcareous     shales     of     the 

« 

lower  part  of  the  Neosho  member  of  the  Garrison 
formation.  Going  west  along  the  railroad  from  the 
outcrop  of  the  Cottonwood  limestone  to  what  appears  to 
be  the  Wreford  limestone  shown  in  the  cut  near  milepost 
102  on  the  Grand  Island  R.  R.  the  barometer  showed  a  rise 

•  Numbers   1   to   3   are    the   Cottoawood  limestone,  and  4  is  the  Flor- 
ena shale.     Kans.   Univ.  Quart..  Ix,  p.  195. 

•  Kans.   Univ.   Quart.,  Ix.  p.   195. 
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of  70  feet.  Allowing  for  the  probable  dip  would  give  the 
Garrison  formation  a  thickness  of  no  feet  in  this  vicinity. 
Since  it  was  necessary  to  select  another  term  than  the 
"Cottonwood  shales"  for  the  shales  immediately  above  the 
Cottonwood  limestone  the  term  "Florena  shale"  was  usedt 
because  of  the  extensive  quarries  in  the  Cotonwood  lime- 
stone at  Florena  which  show  the  shale  admirably,  rich  in  its 
typical  fauna,  though  somewhat  diminished  in  thickness 
when  compared  with  the  Cottonwood  Falls  region.  The 
section  at  the  Florena  quarries  is  as  follows: 

FLORENA  QUARRY  SECTION. 

5.    Limestone,  extremely  thin  bedded,  and  shale  3      ft.  0  inches 
4.    Limestone    2      "    0      " 

3.    Shale,  calcareous  with  abundant  fossils,  the 

Florena 3      "    8      " 

2.    Limestone,  nearly  white  with  small  Fusulinse  2      "2      " 
1.    Limestone,  the  upper  third  with  many  Fusulinse  5      "6      " 

Total   15      ft.  4  inches 

Numbers  i  and  2  are  the  Cottonwood  limestone  and 
number  three  is  the  Florena  shale.  Numbers  4  and  5  are 
the  base  of  the  Neosho  member  of  the  Garrison  formation. 
The  Florena  shales  thicken  to  the  southward,  from  two 
feet  at  Beattie  to  3  feet  8  inches  at  Florena.  This  thicken- 
ing continues  to  the  Cottonwood  river  where  they  reach  a 
thickness  of  6  feet. 

Southward  from  Florena,  in  the  vicinity  of  Garrison,. 
the  Cottonwood  limestone  passes  down  to  about,  or  a  little 
below,  the  level  of  the  river.  Here  the  Garrison  formation, 
Wreford  limestone,  Matfield  formation,  Florence  flint  and 
Fort  Riley  limestone  all  take  part  in  forming  the  pictur- 
esque bluffs  of  the  Big  Blue  river.  It  may  have  been  from 
the  inspiration  of  this  place  that  Cragin  named  the  lower 
Permian  rocks  of  Kansas  the  "Big  Blue  Series."*  There 
are  82  or  more  feet  of  the  Garrison  formation  exposed  in 
the  bluffs  by  the  town.     The  Wreford     limestone     has  a 

fProwser,   Revised  classlflcatlon  of  tho  upper  Paleozoic  formations  of 
Kansaa,  Jour.  Oeol.,  x.  p.  712  and  the  table  of   formations  opposite  pa^e 
718.     See   note   on  p.   737,     where    the  "Cottonwood  limestone"  is  retain- 
ed and  "Alma  limestone"   Is  dropped. 
•  Colorado  College  Studies,  tI,  pw  1^  Utt. 
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thickness  of  somewhere  from  30  to  45  feet  (can  not  be  well 
determined  from  the  face  of  the  bluff),  and  the  Matfield 
formation  has  a  thickness  of  about  70  feet.  The  Florence 
flint  is  about  20  or  25  feet  thick  and  the  Fort  Riley  lime- 
stone is  about  40  feet. 

According  to  our  figures  the  total  thickness  of  the  sec- 
tion in  the  hill  at  Garrison  is  300  feet.  One  of  the  writers 
was  informed  that  the  bluff  had  been  measured  by  transit 
and  level  and  found  to  be  268  feet  above  the  town.  Our 
section  includes  the  higher  hills  to  the  north  of  the  flag 
pole,  which,  probably,  were  not  included  in  the  measure- 
ment just  referred  to. 

About  a  quarter  of  a  mile  west  of  the  Garrison  junc- 
tion Beede  gives  a  section  of  fifteen  feet  of  the  base  of  the 
Wreford  limestone.*  A  mile  farther  west  he  gives  another 
section  beginning  somewhat  above  the  Wreford  limestone 
and  continuing  into  the  Fort  Riley  limestone.t  Number 
I  of  this  section  should  read  25  feet  instead  of  20  feet,  mak* 
ing  the  total  thickness  of  the  section  98  feet,  divided  as  fol- 
lows: Matfield  formation  51  feet,  Florence  flint  224-  feet, 
with  21  feet  of  the  Fort  Riley  limestone  exposed. 

This  general  survey  gives  an  idea  of  the  stratigraphy 
of  the  lower  Permian  and  associated  rocks  north  of  the  Kan- 
sas river.  These  rocks  from  Manhattan  and  Junction  City 
southward  to  the  Cottonwood  river  have  been  made  fam- 
iliar to  the  geological  public  by  Prosser  and  Hay  and  only 
some  of  the  salient  points  will  be  mentioned  to  bring  them 
clearly  to  the  reader's  mind. 

Central  Province. — At  Manhattan,  Prosser  gives  the 
thickness  of  the  Cotonwood  limestone  as  five  feet,*  and  at 
Alma  five  and  one-half  feet.  West  of  Manhattan,  along 
the  Kansas  river  the  higher  formations  appear.  Prossert 
reviews  the  sections  of  Meek  and  Hayden,  Swallow,  and 
Hay.  According  to  Meek  and  Hayden's  estimate  the  Gar- 
rison formation  had  a  thickness  of  109  feet;  according  to 
Swallow  the  thickness  is  from  124  to  153  feet,  while  Prosser 
found  it  to  be  122  feet.  Meek  and  Hayden  give  the  thick- 
ness of  the  Wreford  limestone  as  40  feet ;  according  to  Swal- 

•  Op.   clt.   p.   199. 
t  Loc.  clt.  p.  901. 

*  Bull.   Oeol.   Soc.   Amer.,   vi,  pp.   SS»   ST. 
t  Op.  clt.  p.  47  et  seq. 
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low  it  is  36  to  50  feet  and  Hay^  finds  it  to  be  25  feet  thick 
on  the  Fort  Riley  military  reservation.  The  Matfield  for- 
mation is  represented  on  the  Fort  Riley  military  reserva- 
tion by  52  feet  of  shales  and  limestonesJ  Meek  and  Hay- 
den  g^ve  it  a  thickness  of  67  feet  in  the  Kansas  river  region. 
Hay  assigns  a  thickness  of  25  to  30  feet  to  the  Florence 
flint,  number  9  of  his  section,  and  52  to  62  feet  to  the  Fort 
Riley  limestone,  while  Meek  and  Hayden  estimated  the 
thickness  of  the  Florence  flint  at  38  feet. 

It  is  probable  that  Mr.  Hill's  footnote  referring  to 
number  14  of  Hay*s  section  to  the  Marion  formation  (now 
called  the  Winfield  limestone)  is  correct.  At  the  time  of 
our  visit  the  high  hill  where  Hay  probably  obtained  the 
uppermost  members  of  his  section  was  the  target  for  daily 
artillery  practice  and  the  writers  scrupulously  refrained 
from  the  study  of  its  rocks  and  fossils. 

On  account  of  the  condition  of  the  exposure  at  the  time 
of  our  visit  and  its  accessibility  a  section  of  the  rocks  at 
Junction  City  is  given  below.  The  Wreford  limestone  in 
this  section  is  hidden,  occupying  a  terrace  just  above  the 
mill.  The  section  is  located  on  the  south  side  of  the  Smoky 
Hill  river  a  little  south  of  east  of  Junction  City,  beginning 
at  the  water  level  at  the  mill  by  the  wagon  bridge  and  fol- 
lowing the  wagon  road  to  the  top  of  the  hill.  This  section 
is  diagonal  to  the  east  end  of  Hay's  section*  and  crosses  it 
in  a  southeasterly  direction. 

SECTION  AT  THE  MILL  BY  THE  BRIDGE  OVER  THE  SMOKY 
HILL  RIVER  A  UTTLE  SOUTH  OF  EAST  OP 

JUNCTION  CITY. 

38.    Covered  to  the  place  where  the  road  crosses 
the  hill,  limestone    exposures    on    higher 

ground  on  either  sfde  of  road 15  ft.  0  inches 

37.    Limestone,  shaly 15  "  0      '* 

36.    Limestone,  huffish  hrown  with  small  pelecypods  2+  "  0 

35.    Limestone,  shaly,  11  to 12  "  0 

34.    Limestone,  light  colored   1  "  0 

33.     Limestone,  Fort  Riley  "main  ledge" 5  "  0 

82.    Limestone,  rough,  with  "car-links"  on  top 3  "  6 

31.    Shales,  calcareous,  yellow   9  "  0 


41 
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t  Bull.   U.    8.    Geol.    Surv.,   137,   p.    17. 
i  Hay,  Loc.  cit.  p.  17. 
•Loc.  dt.  pi.  it. 
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30.    Flint  and  limestone,  Florence  flint 22      "6      "    . 


12.    Covered   45      "    0 


« 


29.  Limestone,  shaiy;  and  sliales  3  "  6 

28.  Shales,  red,  green,  and  olive 7  **  6 

27.  Shales,  calcareous  1  "  0  *' 

26,  Shales,  red   and  yellow    9  "  0  •* 

25.  Limestone 0  "  6  " 

24.  Shales    4  "  6  " 

23.  Limestone  and  shales   2  "  6  " 

22.  Shales    2  "  0  " 

21.  Shales,  indurated ;  and  limestone 1  "  6  " 

20.  Shales,  light  colored   4  "  0  " 

19.  Limestone,  0  to   0  "  4  •* 

18.  Shales,  light  reddish   4  "  6  " 

17.  Limestone,  slabby  6  inch  to 1  "0  ** 

16.  Shales,   redaish    2  "  0  " 

15.  Limestone,  massive 1  "  0  " 

14.  Covered 3  "  0  " 

13.  Flint  and  limestone    3+  "  0  " 


f        A  it 


11.    Shales,  maroon  and  green  4  **  0  " 

10.    Limestones  with  green  shale  partings 2  "  6  ** 

9.    Shales,   green    2+  "  0  " 

8.    Limestone,  gray  0  "  9  ** 

7.    Shales,  bright  green  1  "  0  " 

6.    Umestone    2  "  0  " 

5.    Clay  and    shales,  lower  %  cross    bedded    and 

blocky 9  "  0  " 

4.    Conglomerate    with  calcareous    cement,    fish 

teeth,  1  inch  to 0  "  2  " 

3.    Clay,  with  smooth  Joints  0  "  9  " 

2.     Shales,  blue,  green  and  maroon,  indurated 4  "0  " 

1.    Shales,  reddish,  lower  part  covered,  high  water 

level 3  "  0  " 


Total   210      ft.  0  inches 

This  gives  29  feet  of  the  Garrison  formation  in  this 
exposure  with  probably  23  feet  to  be  added  as  Hay's  sec- 
tion gives  25  feet  as  the  thickness  of  the  Wreford  at  this 
locality.  It  is  very  probable  that  number  13  of  our  section 
is  the  top  of  the  Wreford.  The  thickness  of  the  Matfield 
formation  here  is  48  feet  (52  feet  according  to  Hay).  The 
Florence  flint  is  22^/2  feet  (g^ven  as  25  to  30  feet  by  Hay). 
If  number  29  were  added  to  the  Florence  flint  it  would  cor- 
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respond  to  Hay's  section,  but  would  reduce  the  thickness 
of  the  Matfield  formation  an  equal  amount.  Numbers  31 
to  37  of  our  section  are  Fort  Riley  limestone  and  show  a 
thickness  of  at  least  47J4  feet  of  it  exposed,  with  the  prob- 
ability that  much  of  Number  38  should  be  added. 

The  region  from  Junction  City  to  Cottonwood  Falls 
has  been  well  summarized  by  Prosser.*  Taking  the  region 
as  a  whole  he  ascribes  a  thickness  of  6  feet  to  the  Cotton- 
wood limestone,  140  to  145  feet  to  the  Garrison  formation, 
40  feet  to  the  Wreford  limestone,  60  to  70  feet  to  the  Mat- 
field  formation,  20  feet  to  the  Florence  flint,  40  feet  to  the 
Fort  Riley  limestone,  60  feet  to  the  Doyle  shales  and  20  to 
25  feet  to  the  Winfield  limestone.  Detailed  sections  are 
given  in  the  folio  referred  to. 

Southern  Province. — South  of  the  region  represented  in 
the  Cpttonwood  Falls  folio  changes  are  to  be  noted  in  the 
appearance  of  some  of  the  strata  under  consideration.  South 
of  the  latitude  of  Bazaar,  Chase  Co.,  the  Cottonwood  lime- 
stone has  never  been  definitely  located  nor  its  horizon  accu- 
rately mapped.  Keyest  states,  referring  to  the  Cottonwood 
limestone,  that  "its  geographic  range  is  wide,  extending 
from  Nebraska  through  central  Kansas  into  Oklahoma." 
Againt  "The  stratum  (Cottonwood  limestone)  has  been 
traced  from  southeastern  Nebraska  where  it  passes  beneath 
the  Cretaceous,  entirely  across  Kansas  into  Oklahoma.  It 
often  forms  a  noticeable  topographic  feature."  The  Cotton- 
wood limestone  has  never  been  traced  across  Kansas  into 
Oklahoma  unless  it  was  done  by  Keyes  himself.  Indeed, 
as  will  be  shown  in  the  following  discussion,  it  can  not  be 
recognized  With  certainty  by  any  of  its  characters  south  of 
the  region  just  mentioned.  Other  stratigraphic  changes 
occur  in  the  Garrison,  Elmdale  and  intermediate  formations 
so  that  the  members  can  not  be  recognized  readily  by  their 
lithologic  characters  and  can  only  be  determined  by  care- 
fully tracing  the  outcrops  south  from  the  known  localities. 
One  of  the  writers  endeavored  to  locate  the  Cottonwood 
limestone  in  the  southwest  corner  of  Lyon  county  and  tra- 
versed its  general  horizon  to  Reece  but  was  unable  to  locate 

*  Jour.  Oeol.,  ill,  p.  773  and  some  of  the  preceedinff  pa^ea.    See  also 
Cottonwood  Falls  Folio,  U.  S.   Qeoi.  Surv.  Atlas,  number  109. 
t  Amer.  Qeoi,  xxiil.  1899,  p.  806. 
tliOe.  dt.  p.  SIL 
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it  with  certainty.  At  Reece,  Beaumont  and  Grand  Summit 
excellent  exposures  of  all  the  important  limestones  of  the 
entire  section  are  shown,  but  nowhere  is  a  stone  with  all 
the  characters  of  the  Cottonwood  limestone  to  be  found. 
The  fauna  of  the  general  horizon  is  somewhat  similar  to 
that  of  the  Florena  shales  but  it  is  distributed  through  a 
fairly  wide  range  of  rocks  and  is  nowhere  so  pronounced 
as  in  the  northern  localities.  In  short  the  Cottonwood 
limestone  ceases  to  be  of  great  value  as  a  horizon  marker 
south  of  the  latitude  of  Bazaar. 

The  stratigraphy  of  this  region  can  best  be  compared 
with  that  farther  north  by  detailed  sections.  The  regions 
near  Reece,  Beaumont  an<J  Grand  Summit  furnish  excellent 
exposures  of  the  rocks  concerned  in  the  Flint  Hills  escarp- 
ment. North  of  this  region  the  flints  have  been  so  con- 
stantly associated  with  this  escarpment  that  it  has  led  to 
some  errors  of  observation  in  its  southern  prolongation. 
For  this  reason  the  sections  near  the  places  just  named  are 
given  in  considerable  detail. 

SECTION  FROM  RBBCB  TO  SUMMIT  SIDING. 

70.  Limestone,  massive  with  many  chert  concre- 
tions in  layers  15±  ft.  0  inches 

69.    Limestone,  very  cherty,  covered    with    fallen 

chert   3      "    0      " 

68.    Limestone  containing  3  or  4  layers  of  flint 

Fusullnas    3      "    6      " 


67.     Limestone,  shaly    3      "    8 


tt 
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66.  Shales,  calcareous   0  "    8 

66.  Limestone,  shaly    1  "    0 

64.  Shales,  hlue  calcareous   2  "     4 

63.  Limestone,  shaly   2  "     0 

62.  Shales,  yellowish  and  greenish    7  "    0 

61.  Covered    8  "     0      " 

60.  Limestone,  hard,  massive 3  "    0      " 

59.  Shales,   fossUiferous    3  "    0      " 

68.  Limestone,  rotten,  and  fossiliferous 1  "0      " 

57.  Shales,  yellowish,  indurated,  fossiliferous 9  "0      " 

56.  Limestone,  rotten,  and  calcareous  shales 3  "0      " 

65.  Shales,  green  and  yellowish 8  *'    6      " 

54.  Shales,    maroon    8  "    0      " 

53.  Shales,  bright  green  2  "    0      " 
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52.  Limestone,  massive,   hard    1  "  9 

61.  Limestone,  shaly   2  "  6 

60.  Limestone,  cherty,  probably  3  feet  but  show- 
ing only   2  "  3+  " 

49.  Shales,  yellow  5±  "  0  " 

48.  Shales  with  plants,  fishes  and  ostracods 0  "6  " 

47.  Umestone,   rotten    1  "  8  " 

46.  Shales,  yellow  2  "  0  " 

45.  Umestone   1  "  6  " 

44.  Limestone  with  fiint 1  "  2  " 

43.  Shaly  layer 0  "  4  " 

42.  Limestone,   massive    5  "  0  ** 

41.  Limestone  with  heavy  flint  layers 4  "  0  " 


« 
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40.    Shales,  yellowish  and  clayey  limestones  with 

fossils  7      "    0 

39.    Shales,  green 4      "    0 

38.    Shales,  maroon  12±  "    0 

37.     Limestone,  slabby   0      "    6      " 

36.    Shales,  light  blue  5      "    0      " 

35.     Limestone,  shaly   7      "    0 

34.     Limestone,  hard  gray  0      "    9 

33.    Limestone,    clayey    and    rotten,    pelecypods. 

Same  as  in  cut  east  of  the  big  fill 10      "    0 

32.    Limestone,   shaly   and   slabby    4      '*    6 

31.     Shales,   greenish    3      "    6 

30.    Limestone,  hard  blue   0      "    9 

29.     Shales,  light  greenish  or  bluish 8      "    0      " 

28.    Clay,  soft  yellowish,  with  rotten  limestone  on 

top   2      "    6 

27.    Limestone,  shaly  and  slabby  with  some  shales  10      "    0 

26.    Limestone    0      "    6 

26.     Shale    0      "    6 

24.    Limestone,  hard  1      "    0 

23.    Covered,  with  two  well-marked  limestone  hori- 
zons   70± 

22.     Covered,  mostly,  down  to  top  of  Wooster's  sec- 
tion; thin  limestones  and  shales 125t 

21.     Limestone  in  four  layers,  buff,  Fusulina 3 

20.     Shales,  buff   5 

19.    Shales,  carbonaceous   2 

18.     Limestone,  buff  shaly,  with  fossils.  Fusulina . .  1 

17.     Shale,  blue  and  full  of  fossils.    Fusulina 3 

16.     Limestone,  buff  and  cherty  containing  Fusulina  1 

16.     Shades,  calcareous  0 

14.     Limestone,  buff,  Fusulina 1 

13.     Shales,  dark,  buff  on  weathered  surface.    No 

fossils   3      "    0      " 


tt  /*  tt 
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12.    Limestone,  buff,  top  full  of  Fusullua 2      "  0  " 

11.    Shale  6±  "  0  " 

10.    Limestone 2±  "  0  " 

9.    Covered    30      "  0  " 

8.    Limestone  weathering  to  a  dirty  dark  gray...  1±  "  0  " 

7.    Covered    11      "  0  " 

6.    Shale,  yellow,  green  and  red  with  rotten  lime- 
stone near  the  middle,  thin  sandstone  of 

1  inch  or  2  inches  near  top 35      "  0  " 

6.    Limestone  in<thin  layers  made  up  of  pelecypods  1 —  **  0  " 

4.    Shales,  soft  clayey,  and  weathered  slope 33      "  0  " 

3.    Limestone,  massive  brownish,  forming  fall  in 

creek 1      "  3  " 

2.    Shales,  green  and  blue  soft  clayey .5      "  0  " 

1.    Limestone,  brown,  massive     with     Productus 

cora    1      "  6  " 

Total   530  ft±  inches 

Nupibers  i  to  3  are  in  the  creek  west  of  the  road  just 
northwest  of  Reece,  the  remaining  lower,  part  of  the  sec- 
tion (numbers  4  to  9)  extends  up  the  bluff  from  the  creek. 
Numbers  10  to  21  are  in  the  cuts  near  the  spring  about  i^ 
miles  west  of  Reece  on  the  railroad.  This  part  of  the  sec- 
tion corresponds  to  Wooster*s  section.*  Numbers  22  and 
23  extend  from  the  top  of  these  cuts  to  the  big  fill  about  7 
miles  N.  W.  of  Reece.  Numbers  24  to  40  are  shown  in  the 
cut  and  stripping  by  the  big  fill  (which  is  the  same  as  the 
big  trestle  mentioned  hy  Prosser) ;  40  to  49  are  in  the 
fourth  cut  east  of  Summit  siding;  50  to  56  are  in  the  third 
cut  east  of  Summit.  57  to  6o  in  the  second  and  61  to  70  are 
in  the  first  cut  cast  of  Summit. 

Just  prior  to  our  visit,  the  great  trestle  on  the  eastern 
face  of  th  *  escarpment  had  been  filled,  as  had  the  smaller 
ones  between  it  and  the  crest  of  the  ridge.  Tn  securing  the 
material  for  the  fills,  the  available  soil  and  loose  material 
had  been  removed  from  the  right  of  wav  in  the  vicinity  of 
the  cuts,  leaving  ideal  exposures  from  which  to  make  exact 
sections.  These  exposures  threw  light  on  points  which 
were  before  obscure.  Tn  the  light  of  our  sections  we  make 
the  following  summary  of  formations. 

Numbers  i  to  40  are  Coal  Measures  or  Pennsylvanian ; 

•  Kans.    I'nlv.    Quart.,   vl,   p.   163,    footnote. 
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not  being  able  to  recognize  the  formations  with  certainty  in 
this  lower  part  of  the  section  it  is  deemed  best  not  to  at- 
tempt to  draw  approximate  lines  to  the  formations,  though 
these  numbers  include  the  equivalents  of  the  Elmdale, 
Neva,  Eskridge,  Cottonwood  and  Garrison  formations  and 
probably  some  of  the  formations  below.  Numbers  41  to  52 
are  the  Wreford  limestone,  with  a  thickness  of  over  27  feet 
8  inches.  The  Matfield  formation  is  represented  by  at  least 
58  feet  6  inches  of  rock,  without  number  67,  which  would 
make  it  62  feet  2  inches,  (numbers  53  to  67).  There  is 
more  or  less  of  a  question  as  to  whether  or  not  number  67 
should  be  classed  with  the  Matfield.  We  are  inclined  to 
include  it  with  the  Florence  flint.  Numbers  67,  or  68,  to  70 
represent  the  Florence  flint  with  a  thickness  of  21  feet  6 
inches  without  number  67  or  25  feet  2  inches  with  it. 

A  Urge  amount  of  plant  remains  was  taken  from  a  cut 
in  the  wagon  road  just  east  of  a  small  ravine  near  the  top 
of  the  escarpment  west  of  Reece.  This  horizon  seemed  to 
be  the  equivalent  of  numbers  19  and  20,  though  this  was 
not  determined  with  certainty.  It  is  probably  well  down 
in  the  Elmdale  formation,  possibly  at  its  base.  Number  48 
produced  a  large  number  of  plant  remains,  fish  and  ostra- 
cods.  The  Cottonwood  limestone  was  not  located  with 
certainty  and  as  a  consequence  the  thickness  of  the  Garri- 
son formation  can  not  be  stated.  It  seems  probable  that 
Prosser's  location  of  the  horizon  of  the  Cottonwood  lime- 
stone is  approximately  correct.  He  locates  it  as  probably 
being  in  number  7  or  6  of  his  section,  which  is  near  the 
top  of  number  22  of  our  section.  Prosser  refers  numbers 
13-15  of  his  section  to  the  Wreford  limestone,*  giving  it  a 
thickness  of  50  feet.  In  looking  over  his  notes  previous  to 
writing  this  paper  it  was  discovered  that  in  passing  over 
the  section  twice  his  barometer  gave  different  readings  for 
the  covered  portion  of  the  section  between  the  two  flints 
and  in  compiling  the  section  the  smaller  reading  was  used. 
This  was  also  in  accordance  with  the  general  appearance 
of  the  section.  Even  with  the  sides  stripped  as  they  were 
at  the  time  of  our  visit  it  was  very  difficult  to  realize  the 
thickness  of  the  strata  exposed  between  the  upper  cuts  by 

•  Kans.  Univ.  Quart,  vi,  p.  162.    Strongr  flint  =  Wreford  liine«tone. 
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walking  along  the  railroad.  The  upper  part  of  the  Wreford 
limestone  was  partially  concealed  as  was  most  of  the  Mat- 
field  formation.t  Number  13  of  Prosser's  section  corres- 
ponds to  numbers  41  to  45  of  our  section.  Number  14  of 
his  section  corresponds  to  numbers  46  to  47  of  our  section, 
including  the  shales  and  upper  limestones  of  the  Wreford 
limestone  and  all  of  the  Matfield  formation.  The  remain- 
der of  our  section,  numbers  68  to  70,  corresponds  with  num- 
ber 15  of  his  section,  and  represents  the  exposed  thickness, 
of  the  Florence  flint. 

From  the  foregoing  it  is  clear  that  the  Florence  flint 
forms  the  crest  of  the  "Flint  Hills"  west  of  Reece.  From 
there  west  to  El  Dorado  the  railroad  passes  down  the  dip- 
slope  of  this  stream.  Proceeding  south  from  Reece, 
changes  begin  to  appear  in  the  rocks  making  up  the  front 
of  the  escarpment.  The  Florence  flint  falls  back  to  the 
west  forming  another  small  escarpment  west  of  the  town  of 
Beaumont  and  the  Wreford  limestone  has  been  removed 
from  the  notch  through  which  the  railroad  passes  in  cross- 
ing the  ridge,  though  it  appears  on  the  crest  just  north  and 
south  of  Beaumont.  The  Wreford  limestone  outcrops  in 
the  streets  of  Beaumont,  somewhat  below  the  crest  of  the 
ridge  east  of  the  town  which  is  formed  by  rocks  of  lower 
horizon.* 

South  of  the  Reece  section  the  "Frisco"  railroad  climbs 
the  escarpment  with  numerous  cuttings  which  produce 
practically  a  continuous  exposure.  No  attempt  was  made 
to  go  to  the  base  of  the  escarpment  to  establish  a  section 
but  a  base  was  chosen  about  200  feet  below  the  Wreford 
limestone,  possibly  in  the  top  of  the  Elmdale  formation. 
The  detailed  section  follows : 

SECTION    OF    THE   "FLINT    HILLS"   ESCARPMENT    EAST    OF 

BEAUMONT. 

42.     Covered,  to  the  base  of  the  Wreford  limestone 

in  the  crest  of  the  hill  south  of  the  railroad  20  ft.  0  inches 

41.     Shales,   red   and   blue,   disintegrated,   showing 

in   cut    8-h  "     0      " 

40.     Shale,  indurated,  blue  calcareous    5      "     0 

39.     Shale,  calcareous  disintegrated    3      "     6 


It 
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t  This  correction  also  applies  to  the  section  published  in  U.   S.   Geol. 
Burv.   Folio  109,   p.   3,   column  3. 

*■  Sellards  left  the  field  at  the  close  of  the  work  at   Reece. 


(I         A  « 

it 

"     0 

« 

i<         A  M 

« 
M         A  «« 


Stratigraphy  of  Kansas  Permian — BeedeandSellards.  lor 

38.    Limestone,  massive,  fine  chert  concretions  in 

top    1  "  3      " 

37.    Limestone,  shaly,  and  calcareous  shales,  upper 

part,  very  fossiliferous  6  "  9 

36.    Limestone,   impure,  %ome   chert 2  "  0 

36.    Shales,  gray,  and  thin  sheets  of  limestone 1  "  6 

34.    Limestone,   hard   bluish^   weathering    bufl^h, 

layer  of  pelecypods  on  top Z  "  0 

33.    Shales,  olive,  clayey  5  "  0 

32.    Crusty  deposit 1  "  0 

31.    Shales,  blue   2  "  0 

30.    Shales,  calcareous  ■  concretionary  2  "  0 

29.    Shales,  yellowish  calcareous   3  "  0 

28.    Limestone,   blue,   hard  and   slaty   with   some 

fossils    6  "  0      " 

27,    Limestone,  massive  with  occasional  chert  con- 
cretions, shaly   above   and   cherty   below. 

Paeadomonoth    . . .- 5  "  6      " 

26.    Shale,  blue,  hard,  disintegrated,  some  fossils  3  "0      " 

25.    Covered  to  the  base  of  the  previous  cut 10  **  0      " 

24.    Shales    1  "  6      " 

23.    Limestone,  rotten   1      "  0      ** 

22.     Shales,  light  colored  12  "  6      " 

21.    Limestone,   rotten    1  "  0      " 

20.    Shale   2  "  0      " 

19.    Limestone  1±  "  0      " 

18.    Covered  to  limestone  5   feet   below  previous 

cut   5  "  0      " 

17.    Shales,  yellow  calcareous,  some  fossils 12  "  0      " 

16.    Covered    15  "  0      " 

15.    Shales,  crusty   2  "  0      " 

14.     Limestone,  shaly  above  and  massive  below ...  8  "0      " 

13.     Shales,  light  colored,  clayey,  to  base  of  last  cut  10  "  0      " 
12.     Lfmeatone,  massive,  in  three  layers,  FusuHna 

on  top 6  "0      " 

11.    Shales,  calcareous,  with  some  fossils 3  **  0      ** 

10.     Shales,  yellowish,  to  base  of  previous  cut 12  "  0      " 

9.     Limestone,  shaly  1  '*  0 

8.     Shales,  light  colored,  clayey 5  "  0      ** 

7.     Covered    5  "  0      " 

6.     Limestones,  two  thin  ones,  with  shaly  parting.  .1  "5      ** 

5.    Shales,  blue,  calcareous    5  "  0      " 

4.  Limestone ,   massive,    flesh-colored,    gastropods, 

pelecypods  and  cephalopods   2  **  6      " 

3.    Limestone,  yellowish  and  impure,  and  shales 

fossils    5  "  0      " 

2.    Shale,  blue,  some  fossils  2  "  0      " 
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1.    Limestone,  gray,  rotten  1 
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Total   206      ft  3  inches 

Numbers  i  to  lo  are  in  the'' fifth  cut  on  the  big 
curve  going  east.  Numbers  ii  to  13  are  in  the  fourth  cut, 
14  to  16  in  the  third,  17  to  19  in  the  second  and  20  to  25 
are  in  the  fiVst  cut  on  the  big  curve  going  east.  Numbers 
26  to  33  are  in  the  cut  a  half  mile  east  of  Beaumont  junc- 
tion and  numbers  34  to  40  are  in  the  first  cut  east  of  Beau- 
mont. In  other  words  the  section  beginning  at  number  40 
and  passing  eastward  down  the  escarpment  along  the  rail- 
road is  exposed  in  the  first  seven  cuts. 

It  seems  probable  that  number  12  of  this  section  is  in 
the  approximate  horizon  of  the  Cottonwood  limestone, 
judging  from  its  general  appearance  and  position  in  the 
section,  and  number  13  carries  a  fauna  similar  to  the 
Florena  shales  and  has  a  resemblance  to  them.  If  this  sug- 
gestion should  prove  to  be  correct  the  thickness  of  the  Gar- 
rison formation  at  this  locality  would  be  146  feet. 

The  two  streams  heading  on  the  crest  of  the  ridge  have 
removed  the  Wreford  limestone  from  the  point  where  the 
railroad  crosses  the  ridge  as  stated  above,  but  appears  on 
the  ridge  just  south  of  the  railroad. 

Eighteen  miles  south  of  Beaumont  is  the  Grand  Sum- 
mit region  famous  for  its  fossils.  The  logical  approach  to 
this  region  is  from  the  north  where  the  Beaumont  section 
furnishes  a  valuable  key  to  the  conditions  here. 

This  section  will  be  considered  in  two  parts,  the  Grand 
Summit,  or  lower,  section  and  the  Cambridge-Burden,  or 
upper,  section.  The  detailed  section  of  the  Grand  Summit 
half  follows: 

GRAND  SUMMIT  SECTION. 

29.    Shales,  lUiie,  with  calcareous  sheets  and  mil- 
lions Qf::/iafiln  15  ft.  0  inches 

28.    Umestone,  blue,  clayey   1  "  0      " 

27.     Shales,  blue,  yellow  above  5  "  0 

26.    Shales  and  shaly  limestone   5  "  0 

25.    Limestone,     somewhat     massive,     weathering 

light    8-h  "  0      " 

24.    Shales,  calcareous,  and  impure  limestone 7  "  0      " 

23.     Shales,  clayey,  with  calcareous  layer,  very  fos- 
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sillferous    7+  "    0      " 

12.  Limestone,  clayey,   nodular  and   clay   shales. 

Some  fossils 3  "  0  " 

21.    Shales,  yellow  and  hlue  with  calcareous  lenses. 

Sea  urchins    6  "  0  " 

20.    Covered,  5  feet  to  8  "  0  " 

19.    Shales,  red 6  "  0  " 

18.    Shales,    blue    1  "  0 

17.    Limestone,  blue,  massive   1  "  0 

16.    Shales,  yellow  and  red,  1  foot  of  limestone 

near  the  base 10  "  0  " 

15.    Limestone,  massive  in  one  layer 3  "  0  " 

14.    Shales,  yellowish,  calcareous 1  "  4  '* 

13.  Limestone,  shaly   1  "  0  " 

12.    Shales   0  "  4  ** 

11.    Limestones,  two  thin  ones  0  *'  4  " 

10.    Shales    0  "  6  " 

9.    Limestone,  buff  to  brownish  large  Fustdinaa 

and  chert  in  the  lower  part 6      "0      ** 

8.    Shales,  clayey    1      "    9      " 

7.    Limestone,  shaly  to  massive  3      "    9      '* 

6.    Shales,  yellowish  3      "    3      '* 

5.    Limestones,  thin,  with  shale  partings 3      "0      '* 

4.    Limestone,  massive,  in  two  layers 3      "4      **" 

3.    Shales,  yellowish,  with  calcareous  layers  rich. 

in  fossils   9      "    0      '* 

2.    Limestone,  dark  colored,  in  thin  layers  full  of 

pelecjrpods   4      "    0      " 

1.  Shales,  red  and  blue,  in  creek  north  of  the 
cut,  east  of  the  trestle  over  the  small 
creek    11      "    0      •• 

Total  182      ft  7  inches 

There  are  somewhere  from  90  to  125  feet  of  rocks  in  the 
hills  to  the  north  of  Grand  Summit  which  should  be  added 
to  this  section,  but  they  are  better  exposed  in  the  section 
which  is  to  follow.  The  Wreford  limestone  caps  the  top  of 
the  hills  north  of  Grand  Summit  and  is  in  the  big  ridge  west 
of  town.  The  most  conspicuous  feature  of  the  Wreford 
limestone  here  is  the  great  blocks  of  semisilicified  limestone, 
apparently  formed  by  infiltration.  This  is  a  character  of 
this  limestone  throughout  its  southern  extent  but  more 
pronounced  here  than  farther  north.  These  blocks  weather 
out  brown  and  the  farmers  use  them  to  fill  mud-holes  in 
the  road,  build  fences,  &c.,     calling     them  "sandstones.'' 
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They  are  very  porous  and  light  and  have  the  smooth  joint 
surfaces  of  chert.  The  top  of  the  hill  west  of  Grand  Sum- 
mit registered  90  feet  above  the  town.  Taking  the  dip  into 
consideration  this  would  add  more  than  90  feet  to  the 
Grand  Summit  section.  The  dip  to  the  west  is  probably 
equal  to  the  railroad  grade. 

The  limestone  quarried  at  Cambridge  may  be  number 
25  of  our  Grand  Summit  section,  but  it  seems  probable  that 
it  16  one  a  little  higher  in  the  series.  At  Grand  Summit 
there  are  four  layers  of  limestone  with  intervening  shale 
beds  of  considerable  thickness,  between  the  top  of  our  sec- 
tion and  the  base  of  the  Wreford  limestone.  The  lime- 
stone quarried  west  of  town  at  Cambridge  is  94  feet  below 
the  base  of  the  Wreford  limestone.  The  latter  is  excellent- 
ly exposed  across  the  creek  south  of  the  quarry,  where  a 
fairly  good  section  of  the  underl3ring  rocks  is  to  be  had,  on 
the  point  just  east  of  the  mouth  of  the  little  tributary  from 
the  south.  The  following  section  is  a  compilation  of  this 
exposure  with  those  from  the  old  Torrence  station,  just  west 
of  Cambridge,  along  the  railroad  to  Burden.  From  Tor- 
rence (old  station  at  the  Creek)  to  Burden  at  the  top  of  the 
escarpment  almost  all  the  strata  are  excellently  exposed.     ^ 

THE  SECTION  FitOM  CAMBRIDGE  TO  BURDEN. 

39.    Chert   concretions   and   weathered   Umestone, 

top  of  Burden  cut  2+  ft  0  Inches 

38.    Limestone,  massive,  with  chert  in  layers 10      "    0      " 

37.  Limestone  with  numerous  chert  concretions ..  10      "    0      " 

36.  Shaly  calcareous  layer  with  some  fossils 3  "  6  " 

36.  Limestone,  shaly,  full  of  pelecypods 2  "  0  *'  - 

34.  Shales,  dark  red  and  blue  6  "  6  " 

38.  Shales,  bluish   3  "  0  " 

31.  Bluish  marl    1  "  0  " 

81.  Shale,  red 4  "  0  " 

30.  Limestone,   shaly  below    2  "  0  " 

29.  Covered    20  "  0 

28.  Shale,  bluish,  and  calcareous  nodules 0  "  6      " 

27.  Massive  limestone,  two  layers  5  "  6 

26.  Limestone,  impure,  shaly;  shales  on  top 2  "  0 

25.  Shales,  blue  and  olive  9  "  0      ** 
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24.  Limestone,  massive,  mottled  and  rougli 3  "  0 

23.  Limestone  with  three  thick  layers  of  chert ...  3  ''0 

22.  Covered   8  "  0 

21.  Olive  shales   2-h  "  0 

20.  Shale,  yellow,  arenaceous  1  "  0 

19.  Limestone,  massive,  chert  in  top 1  "  6 

18.  Limestone  with  large  chert  concretions 6  "  0 

17.  Limestone,  partially   silicifled     and     carrying 

chert 1  "  6 

16.  Limestone  with  coarse  chert  concretions 4  "  6 

15.  Limestone  full  of  small  chert  concretions 5  "  0 


14.  Shales,    calcareous    and    impure    limestones, 

Derby  as 8       "  6 

13.  Clay  shales    9-f-  "  0 

12.  Shales,  red   5-f-  "  0 

n.  Covered    15      "  0 

10.  Limestone,   rough,  massive 3      "  6 

9.  Shales    8      "  6 

8.  Limestone,   fossiliferous    1      "  0 

7.  Covered    5      "  0 

6.  Limestone,  springy  slope  beneath,  (S.  of  Cam- 
bridge quarry)    2±  "  0 

5.  Covered   34      "  0 

4.  Shales,  blue,  slaty,  calcareous,  in  quarry 4      "  0 

3.  Limestone,  hard,  massive,  fossiliferous 0      **  9 

2.  Limestone,  massive,  hard   2      **  6 

1.  Covered  to  creek  bed  41      "  0 


(« 
«< 
<« 
tt 
ti 

« 

« 
tt 
tt 
M 
tt 


Total    254      ft.  3  inches 

Numbers  2  and  3  are  exposed  in  the  quarry  west  of 
Cambridge.  Lithologically  the  stone  of  this  quarry  is  strik- 
ingly like  numbers  27  and  28  of  the  Beaumont  section,  which 
would  be  somewhat  above  number  25  of  the  Grand  Summit 
section.  However  Prosser  is  of  the  opinion  that  the  rock 
in  the  Cambridge  quarry  is  identical  with  number  25  of  the 
Grand  Summit  section.*  On  the  whole  the  Grand  Summit 
section  and  the  Cambridge  to  Burden  section  are  to  be  con- 
sidered as  continuous.  Whether  or  not  numbers  2  and  3 
of  the  Cambridge  section  are  the  same  as  number  25  of  the 
Grand  Summit  section  is  a  matter  of  minor  importance  to 
the  consideration  of  the  sections  as  a  whole.  Numbers  ic 
to  24  represent  the  Wreford  limestone  with  a  thickness  of 

•  Kans.  Univ    Quart.,  vl,  p.  IW>.    ThJa  limefltorne  he  correlated  with  the 
Wreford   limestone  (=  Strong  flint). 


io6  The  American  Geologist.  AnguM,  i«06 

35  feet  6  inches.  Numbers  25  to  36  represeint  the  Matfield 
formation  with  a  thickness  of  59  feet,  while  numbers  37  to 
39  are  the  Florence  flint,  22  feet  of  which  is  exposed. 

Adams  ran  a  generalized  section  over  this  same  railroad 
from  Grenola  to  Grand  Summit  and  Burden.  However  the 
only  section  he  gives  is  that  of  plate  ix  whicli  appears  to  be 
entirely  generalized.^  He  correctly  states  that  Burden  ir 
higher  geologically  than  Grand  Summit.  However  he  repre- 
sents the  dip  to  the  west  as  being  much  less  than  the  sloi>e 
while  in  fact  it  is  about  as  steep  as  the  railroad  grade.  In 
other  words  he  represent*  almost  all  of  the  Burden  section 
as  being  a  repetition  of  the  Grand  Summit  section  while  as  a 
matter  of  fact  none  of  the  rocks  are  repeated.  He  also 
shows  the  same  layer  of  limestone  appearing  in  the  escarp- 
ment east  oi  Grand  Summit,  at  Grouse  creek.  Little  Cedar 
creek  .and  the  Walnut  river  at  Winfield,  while  the  writer 
finds  the  rocks  occurring  in  the  latter  place  (Fort  Riley 
limestone  are  stratigraphically  above  those  at  the  top  of 
the  grade  at  Burden.  It  is  possible,  however,  that  his  whole 
section  is  but  a  generalization  and  the  plate  merely  illus- 
trates that  the  rocks  dip  to  the  west  in  a  general  way  with 
no  attempt  to  represent  it  accurately,  or  show  the  relation 
of  the  strata. 

According  to  Adams  the  dip  is  10  feet  to  the  mile  to  the 
west.  Cambridge  is  five  miles  west  and  four  miles  south  of 
Grand  Summit,  and  the  difference  of  elevation  between  the 
two  places  is  193  feet,*  but  the  difference  in  altitude  betw<*eii 
nimiber  27  of  Prosser's  section  and  the  quarry  at  Cambridj>o 
is  given  as  145  feet  making  the  dip,  as  given  by  Prosser,  16 
feet  per  mile  to  the  south  west.  However,  the  dip  is  prob- 
ably more  to  west  than  to  the  southwest,  so  that  it  would  be 
greater  in  a  westerly  direction  than  is  shown  between  Grand 
Sr?Timit  and  Cambridge. 

The  first  account  of  the  Grand  Summit  section  was  pub- 
lished by  Broadhead  in  1883  or  i884.t  This  paper  was  a 
generalized  one  and  is  amply  discussed  by  Prosser.t     Broad- 

t  A  section  from  Galenn  to  Wellingrton.  By  G.  I.  Adams..  Univ.  Oeol. 
8urv.    Kans..    I,    d.    27.    pis.    f,    ix,    1S06. 

•  Bull.  V.  8.  Geol.  Surv.,  160.  pp.  226,  229,  1899.  The  elevations  eriven 
are  143S  and   1246  ff^et.    respectfully. 

t  Trans    St.  Louis  Acad.  Scl..  iv.  pp.  486,  487. 

t  Op.    clt.    pp.    160-168. 
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head  considered  number  1 1  of  his  section  as  Permian.  This 
corresponds  to  number  5  of  Prosser's  section  and  is  consid- 
erably below  the  base  of  our  section.  At  the  time  Prosser's 
paper  was  written  the  Cottonwood  limestone  was  considered 
the  base  of  the  Permian.  He  correlated  number.  17  of  his 
section,  provisionally,  as  the  Cottonwood  limestone  and 
number  18  as  the  base  of  the  Permian.  This  is  still  below 
the  base  of  our  section. 

Unless  one  has  seen  the  section  at  Beaumont  or  the  one 
from  Torrence  to  Burden  it  would  be  difficult  to  get  the 
proper  understanding  of  the  Grand  Summit  section.  Broad- 
head,  Adams  and  Prosser  ran  sections  over  the  Grand  Sum- 
mit ridge,  but  Adams  alone  studied  the  section  from  Cam- 
bridge to  Burden,  and  should  have  given  it  the  proper  inter- 
pretation. They  considered  the  ridge  on  which  Grand  Sum- 
mit is  located  as  the  "Flint  Hills"  escarpment  and  its  rocks 
the  equivalent  of  those  found  occupying  a  similar  position 
farther  north.  Several  facts  contributed  to.  this  error.  In 
the  first  place  the  limestones  of  the  Garrison  formation  have 
become  more  conspicuous  and  misleading  in  this  region  and,, 
secondly,  the  opposition  of  the  heads  of  rather  large  streams 
on  either  side  of  the  escarpment  has  tended  to  increase  the 
hight  of  its  eastern  face  and  at  the  same  time  has  removed" 
the  upper  strata  completely.  At  Grand  Summit  the  thickr 
limestone,  by  the  upper  cut,  weathers  strikingly  like  the  less 
cherty  portions  of  the  Wreford  limestene.  This  limestone 
is  represented  in  number  28  of  Prosser's  section  near  the  top 
of  number  i  of  Broadhead,  and  is  number  25  of  our  section. 
Number  28  of  Prosser,  the  fossiliferous  layer,  was  supposed 
to  be  the  fossiliferous  horizon  in  the  middle  of  the  Wreford 
limestone,  as  at  Council  Grove  and  some  other  localities. 
Number  28  of  Prosser's  section  is  equivalent  to  number  29 
of  ours.  Numbers  27  and  20  of  his  are  the  same  as  numbers 
25  and  1  of  ours,  respectively. 

-  From  what  has  preceded  it  will  be  clear  that  the  heavy 
limestone  by  the  last  cut  at  Grand  Summit  is  not  the  Wreford 
limestone  but  is  stratigraphically  at  least  90  feet  below  it,  as 
afc  the  quarries  at  Cambridge.  This  change  in  the  inter- 
pretation of  the  stratigraphy  is  very  important  to  the  paleon- 
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tologist  as  it  places  the  great  fossil  horizon  at  Grand  Summit 
in  the  Garrison  formation  instead  of  in  the  Permian. 

The  horizon  of  the  Cottonwood  limestone  can  not  be 
located  with  certainty,  but  it  may  be  near  number  9  of  our 
section. 

The  appearance  of  the  exposure  of  the  lower  Wreford 
limestone  in  the  cut  east  of  Deleter,  Cowley  county,  is  typical 
•of  its  southern  extension,  showing  well  the  imperfectly  silici- 
fied  limestone,  "sandstones"  of  the  inhabitants,  and  heavy 
•chert  layers.  In  this  region  local  structure  becomes  a  factor 
in  studying  the  stratigraphy  of  these  rocks.  The  writer 
hopes  to  be  able  to  complete  the  study  of  the  stratigraphy 
of  his  county  the  coming  season.  In  the  mean  time,  how- 
ever, it  is  well  to  correct  the  section  of  the  bluffs  north  of 
Arkansas  City,  measured  by  Beede  in  the  summer  of  1896. 
This  section  was  measured  in  the  evening  at  a  bad  exposure 
and  further  study  of  better  exposures  gives  the  following  sec- 
tion.    The  first  section  was  published  by  Prosser.* 

SECTION  OP  BLUPP  NORTH  OP  ARKANSAS  CITY. 

12.  Limestone,  fossiUferous,   porous    10  ft.  0  inches 

11.  Shales,  yellow  calcareous  2  "  6  " 

10.  Limestone,  rotten  clayey   3  "  0  •* 

9.  Yellow  shales   2  "  0  " 

8.  Covered    2  "  0  " 

7.  Limestone    1  "  8  " 

«.  Shale,  yellow  5  "  0  " 

5.  Shale,  blue  and  green   15  "  0  '* 

4.  Limestone 0  "  4  "     . 

3.  Covered    7  "  0  " 

^.  Limestone  1±  *•  0  " 

1.  Covered  to  level  of  bottom  land 10  "  0  " 


Total 59      ft  0  inches 

• 

Prosser^  was  inclined  to  refer  this  section  to  the  Marion 
formation  and  the  exposure  on  the  opposite  side  of  the  Wal- 
nut river,  east  of  the  Santa  Fe  depot,  to  the  Winfield  forma- 
tion. However'  in  the  liglit  of  the  better  section  and  the 
concretions  on  the  ground,  on  the  bluffs  north  of  the  city, 
it  seems  seems  probable  that  number  6  of  this  section  is  the 


•  Op.   cit.   p.  174. 
t  Op.  cit.  p.  174. 
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Winfield  limestone  and  that  the  remainder  should  be  assigned 
to  the  Doyle  shales  while  the  limestone  east  of  the  Walnut 
probably  represents  the  Fort  Riley  limestone.  However  this 
is  merely  a  guess  and  the  stratigraphy  will  have  to  be  worked 
out'  before  the  matter  can  be  settled  definitely. 

CONCLUSION. 

From  what  has  preceded  it  will  be  seen  that  the  strata 
of  the  lower  Permian  are  remarkably  persistent  and  uniform 
when  the  great  extent  of  the  outcrop  is  considered.  The 
Cottonwood  limestone,  though  only  about  six  feet  thick  per- 
sists with  every  detail  of  structure  and  fauna  over  one-hun- 
dred miles  of  strike  and  several  times  as  g^eat  an  outcrop^ 
though  it  has  not  been  identified  with  certainty  in  the  south- 
ern part  of  the  state.  The  Garrison  formation  extends  en- 
tirely across  the  state  with  but  slight  modifications  in  the 
southern  part,  such  as  the  thickening  of  some  of  its  lime- 
stones and  the  possible  interpolation  of  others.  The  Wre- 
ford  limestone  is  remarkably  uniform  throughout  the  entire 
distance  from  Nebraska  to  the  southern  line  of  Kansas,  be- 
ing most  highly  developed  in  the  central  part  of  its  outcrop 
in  the  region  of  Cottonwood  Falls.  In  the  Matfield  shales 
about  the  only  change  worthy  of  special  notice  is  the  thick- 
ening of  a  layer  of  limestone  and  the  coming  in  of  an  ad- 
ditional one  in  the  southern  part  of  its  outcrop.  There  are 
no  striking  changes  in  the  Florence  flint  aside  from  a  slight 
fluctuation  in  its  thickness,  being  somewhat  thicker  in  the 
central  and  southern  regions. 

Three  maps  have  been  published  which  show  either  in 
part,  or  in  a  general  way  the  whole  outcrop  of  the  Wreford 
limestone  and  associated  strata  in  Kansas.  The  first  was 
published  by  Beede*  and  shows  the  outcrop,  in  a  general  way 
of  the  Cottonwood  formation,  Neosho,  Chase  and  Marion 
stages  in  the  region  north  of  the  Kansas  river.  The  line  be- 
tween the  Neosho  and  Chase  stages  is  the  line  of  outcrop 
of  the  Wreford  limestone. 

The  second  was  published  by  George  I.  Adams  in  an 
article  entitled  "Physiographic  divisions  of  Kansas^  and 
shows  in  a  very  general  way  the  location  of  the  "Flint  Hills 


•  Kans.   Univ.   Quart.,   Ix,   pi.    xlili,   1900. 
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Escarpment"  in  Kansas.  The  map  of  Kansas  is  a  little  less 
than  three  inches  by  six  in  his  article.  The  location  of  the 
escarpment  north  of  the  Kansas,  river  was  taken  from 
Beede's  map. 

The  third  of  these  maps  is  to  be  found  in  the  Cotton- 
wood Falls  folio  of  the  U.  S.  Geological  Survey .^  This  map 
shows  the  details  of  the  stratigraphy  of  the  rocks  within  its 
area  discussed  in  this  article,  and  to  it  the  reader  is  referred 
for  an  idea  of  the  intricate  nature  of  much  of  the  outcrop  of 
the  Wreford  limestone. 

The  data  of  the  first  and  last  maps  mentioned  were  used 
freely  in  constructing  the  accompanying  map,  on  which  is 
shown  the  outcrop  of  the  Wreford  limestone.  The  line  be- 
tween Eskridge  and  Junction  City  is  hypothetical  a  part  of 
the  way,  as  it  is  locally,  though  always  in  very  much  shorter 
distances,  in  a  few  other  places.  The  width  of  the  stream- 
etched  portions  of  the  escarpment  is  purposely  enlarged  for 
the  sake  of  clearness.  Southern  Cowley  county  has  not  yet 
been  mapped. 

t  Tran«.   Kans.   Acad.   Sci.,   xvUl,   1908. 

:  Cottonwood  Falls  Folio,  U.  S.  Oeol.  Surv.  Atlas,  number  109,  Pros- 
ser  and  Beede,  ISM. 
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THE     FUNDAMENTAL  COMPLEX     BEYOND    THE    SOUTHERN 

END  OF  THE   ROCKY  MOUNTAINS. 

By  Chablvs  R.  Kbtim,  Socorro,  New.  Mbz. 

Soon  after  passing  the  southern  boundary  of  Colorado 
the  Rocky  mountains  rapidly  dwindle  and  disappear  as  a 
pitching  anticline  beneath  the  plains  of  the  Mexican  table- 
land. In  this  limited  New  Mexican  area  the  Archaean,  or 
Azoic,  rocks  form  the  cores  of  several  of  the  principal  ranges. 
The  last  exposure  of  the  fundamental  complex  is  in  the 
Apache  canyon,  which  the  Atchison,  Topeka  and  Santa  Fe 
railway  makes  use  of  in  crossing  the  mountains.  South  of 
this  locality  the  only  exposures  of  ancient  crystallines  are 
in  the  great  fault-scarps  of  the  block  mountains,  which  rise 
out  of  the  plains,  forming  the  general  surface  of  the  Mexican 
tableland  and  the  New  Mexican  portion  of  the  High  Plateau 
region. 

During  recent  years  many  facts  have  been  brought  to 
light  which  have  very  radically  modified  opinion  regarding 
the  great  crystalline  basement  underlying  all  the  Paleozoic 
sequence  in  New  Mexico.  Most  of  the  extensive  formations 
composed  of  granites,  schists,  and  gneisses  which  form  the 
axial  foundations  of  so  many  of  the  mountain  ranges  of  the 
region  are  now  believed  to  be  of  much  later  geological  age 
than  is  generally  understood  to  be  covered  by  the  title^ 
Azoic  or  Archaean. 

In  summing  up  our  knowledge  on  the  subject,  a  decade 
ago,  in  his  paper,  the  Pre-Cambrian  Rocks  of  North  Amer- 
ica, Van  Hise*  remarked : 

"It  Is  evident  from  the  literature  that  In  western  "New  Mexico 
and  in  the  major  part  of  Arizona  is  a  fundamental,  thoroughly  crys- 
talline complex,  consisting  of  most  intricately  mingled  and  folded 
granites,  gneisses,  micaceous  and  hornblendlc  schists,  etc.,  precisely 
as  in  the  previous  sections  concerned  with  the  Rocky  mountain 
system.  This  complex  occurs  at  many  points,  constitutes  the  axes 
of  many  ranges,  and  Its  structure  is  of  so  intricate  a  character  that 
no  attempt  has  been  made  to  estimate  its  thickness  or  to  work  out 
its  structure,  although  in  general  the  laminated  rocks  have  been 
referred  to  as  metamorphic.  The  granite  in  this  complex  plays  the 
same  part  with  reference  to  the  crystalline  schists  as  in  the  other 
areas  referred  to.  Besides  this  ancient  granite,  which  existed  be- 
fore the  next  newer  series  of  rocks  was  formed,  there  is  apparently 

•  Bull.  IT.  S.  Geol.  Surv.,  No.  86,  p.  331.  1892. 
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in  certain  areas  granites  of  later  age,  and  these  are  more  plentiful 
as  the  western  part  of  Arizona  is  reached." 

In  the  light  of  the  recent  discoveries  that  in  some  of 
the  mountain  ranges  of  New  Mexico  portions  at  least  of  the 
crystalline  foundation  are  of  clastic  origin,  it  becomes  neces- 
sary to  devise  criteria  by  which  the  crystallines  of  the  fun- 
damental complex  (Archaean)  may  be  separated  from  those 
that  have  a  sedimentary  origin.  Until  the  application  of 
these  criteria  to  every  mountain  range  is  made,  no  general 
deductions  can  be  drawn  concerning  the  exact  ages  of  the 
different  crystalline  formations.  The  reasons  for  this  state- 
ment are  obvious  from  even  a  casual  examination  of  the 
basal  crystallines  in  New  Mexico.  It  is  known  that  in  all 
of  the  New  Mexican  mountains  where  the  crvstalline  base- 
ment  is  open  to  view  a  marked  unconformity  exists  at  the 
base  of  the  fossiliferous  sequence.  The  late  Carboniferous 
limestones  generally  rest  directly  upon  the  granites,  gneisses 
and  schists,  the  foliation  of  which  is  more  or  less  steeply  in- 
clined or  even  vertical. 

That  the  erosion  interval  represented  by  the  uncon- 
fonnity  was  very  long  is  quite  evident.  In  southern  New 
Mexico  the  early  Carboniferous  limestones  begin  to  make 
Iheir  appearance.  Then  come  Devonian  beds,  Silurian  or 
Ordovician,  and  finally  what  appear  to  be  Cambrian.  A 
horizon  of  great  unconformity  persists  under  all  the  Pale- 
ozoics. 

Something  of  real  significance  of  the  old  erosion  plain 
becomes  manifest  by  reference  to  the  geological  section  dis- 
played in  the  Grand  Canyon  of  northwestern  Arizona  to- 
Avards  the  western  border  of  the  High  Plateau  region.  The 
author*  just  quoted  describes  the  following  general  condi- 
tions : 

"The  Tonto  sandstonv?  of  the  Grand  Canyon  region,  called  hy 
Powell  and  Gilbert  Silurian  in  accordance  with  the  nomenclature  of 
the  time,  by  present  classification  is  to  be  placed  as  Upper  Cam- 
brian. The  great  unconformity  which  separates  this  sandstone  from 
the  earlier  series  makes  it  very  probable  that  the  latter  are  pre- 
Cambrian.  These  inferior  series  in  descending  order  are  the  Chuar, 
Grand  Canyon,  Vishnu  series  (together  the  equivalents  of  Powell's 
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Grand  canyon  group),  and  the  basal  complex.  The  upper  series 
consists  of  shales  and  limestones.  Below  this,  with  an  erosion  in- 
teryal,  is  the  second,  consisting  of  sandstones,  with  Interbedded  and 
cutting  basic  eruptives.  Inferior  to  this  series,  and  separated  by 
a  great  unconformity,  is  a  set  of  thinly  bedded  and  nearly  vertical 
quartzites  of  undetermined  thickness,  broken  by  intrusive  masses 
of  granite.  •  These  three  are  clearly  clastic  series.  The  basal  com- 
plex as  described  by  Powell  and  Gilbert  consists  of  thoroughly  crys- 
talline homblendic  and  micaceous  schists,  gneisses,  and  granites, 
like  the  fundamental  complex  of  the  remainder  of  New  Mexico  and 
Arizona.  Between  this  basal  complex  and  the  Vishnu  series,  as 
shown  by  Powell,  is  a  vast  unconformity.  We  have  then  in  this 
region  passing  from  the  base  upward,  a  fundamental  complex; 
great  imconf ormity ;  quartzite  series  of  unknown  thickness  (Vish- 
nu); great  unconformity;  Grand  Canyon  series;  minor  unconform- 
ity; Chuar  series;  great  unconformity;  Cambrian." 

There  are  then  recognizable  in  the  Grand  Canyon  part 
of  the  region  at  least  four  great  unconformities  in  the  space 
between  the  undoubted  fundamental  complex  of  Archaean 
age  and  the  Cambrian  sandstones.  Each  of  these  four  un- 
conformities represents  a  long  period  of  lime  when  the  rocks 
were  elevated  above  the  sea,  flexed  and  then  subjected  to 
enormous  denudation.  Powellt  has  estimated  that  in  the 
case  of  the  latest  of  the  intervals  mentioned  which  is  repre- 
sented at  the  base  of  the  Cambrian  sandstones,  at  least 
10,000  feet  of  beds  were  bowed  up,  contorted  and  eroded  in 
such  a  manner  as  to  leave  but  fragments  in  the  synclinals. 

Each  of  the  great  unconformities  represents  similar  con- 
ditions. In  New  Mexico  these  four  periods  of  enormous 
erosion  were  probably  superimposed.  The  elastics  of  the 
Proterozoic  must  have  suffered  tremendously.  Over  very 
large  areas  every  vestige  must  have  been  removed.  In  all 
likelihood  only  scattered  remnants  remained.  Thus  in  ad- 
joining mountain  ranges  the  crystalline  basement  may  be  of 
Archaean  age  in  the  one  case,  while  in  the  other  it  may  be 
Proterozoic. 

The  differentiation  of  the  fundamental  Azoic  complex 
from  the  Proterozoic  crystallines  must  rest  upon  the  appli- 
cation of  some  such  scheme  of  critical  criteria  as  has  been 
so  successfully  formulated  in  the  Lake  Superior  region. 

While  there  is  as  yet  much  uncertainty  regarding  the 


V.   S.   Geog.   and  Geol.   Sur.   Terr.  1876. 


The  Fandamental  Complex  -^Keyes.  115 

position  and  geological  age  of  the  basal  crystallines  in  many 
of  the  different  mountain  ranges  there  are  some  instances  in 
which  there  exists  but  small  doubt  as  to  their  Azoic  posi- 
tion. The  general  proofs  are  in  a  measure  comparative. 
They  afe  the  relative  amount  of  metamorphism  evidenced, 
the  character  of  the  deformation  apparent,  the  difference  in 
petrographical  features,  the  geological  relationships,  the  ab- 
sence of  all  evidences  of  clastic  origin,  and  a  comparison 
with  similar  features  of  known  areas  in  other  parts  of  the 
country. 

The  literature  relating  to  New  Mexican  Azoic  forma- 
tions refers  all  the  basal  crystallines  to  the  Archaean.  Lit- 
,tle  of  definite  value  therefore  can  be  gleaned  grom  the  wide- 
ly scattered  published  descriptions  of  local  phenomena.  The 
first  suggestion  that  any  portion  of  the  ancient  crystallines 
occurring  within  the  boundaries  of  New  Mexico  were  any 
other  than  of  Archaean  age  is  believed  to  be  a  recent  state- 
ment regarding  the  significance  of  the  recent  identification 
of  certain  "quartz-reefs"  in  the  Sandia  mountains  as  highly 
metamorphosed  sandstones.* 

The  present  surface  exposure  of  the  g^eat  crystalline 
basement  underlying  all  the  fossilferous  strata  in  New  Mex- 
ico is  relatively  small.  Aside  from  the  area  in  the  south- 
ern Rocky  mountains  in  the  northern  part  of  New  Mexico 
the  exposures  of  pre-Cambrian  rocks  are  confined  almost  to 
linear  outcrops  found  along  the  immense  fault-scarps  of  the 
block  mountains.  Some  of  these  outcropping  faces  indicate 
that  the  rocks  are  of  undoubted  Azoic  or  Archaean  age, 
while  others  are  manifestly  of  clastic  nature  and  thus  belong 
to  the  Proterozoic. 

In  order  to  understand  more  fully  this  apparent  anoma- 
lous distribution  it  is  necessary  to  refer  to  some  of  the  gen- 
eral conditions  prevailing  in  neighboring  states  that  the 
geological  history  discloses.  The  conception  is  that  the 
upper  surface  of  the  ancient  crystalline  basement  in  this 
region  represents  an  old  peneplane  on  which,  when  submer- 
gence took  place  in  Proterozoic  times,  an  enormous  thick- 
ness of  sedimentaries  was  laid  down.  This  whole  country, 
still  in  pre-Cambriap  times,  was  folded  up  into  mountain 
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ranges,  not  once,  but  repeatedly.  Finally  before  the  Cam- 
brian strata  of  the  region  were  deposited  the  entire  country, 
already  profoundly  folded,  faulted  and  cut  frequently  by  in- 
trusives  was*  planed  down  to  a  prodigious  extent.  On  this 
new  peneplane  only  isolated  patches  of  the  clastic  rocks  of 
Proterozoic  age  survived — only  those  portions  caught  in  the 
lowest  parts  of  complex  troughs,  the  bottom  of  synclinoria. 
These  remnants  of  the  Proterozoic  sedimentaries  now  ap- 
pear so  intensely  metomorphosed  that  they  have  until  quite 
recently  entirely  escaped  notice.  At  best  it  is  only  with 
the  greatest  difficulty  that  the  rocks  of  the  two  great  ages 
can  be  differentiated. 

In  many  of  the  mountain  ranges  the  crystalline  base- 
ment is  composed  partially  or  entirely  of  gray  or  red  gran- 
ites which  show  little  or  no  evidences  of  shearing  or  sub- 
jection to  great  oroganic  pressure.  It  has  been  customary  to 
regard  these  masses  as  composed  of  Archaean  granite.  Now 
granites  of  this. description,  practically  unaltered,  are  known 
to  traverse  or  be  intimately  associated  with  the  undoubted 
Proterozoic  crystallines.  On  the  principles  involved  in  the 
separation  of  unfossiliferous  geological  formations  accord- 
ing to  the  relative  amount  of  deformation  and  comparative 
degree  of  metamorphism,  these  unaltered  granitic  masses 
are  tentatively  referred  to  the  Proterozoic,  though  for  con- 
venience in  treatment  some  of  them  probably  have  to  be 
considered  for  the  present  in  connection  with  the  other 
rock-masses  in  which  they  occur. 

At  some  risk,  perhaps,  in  the  present  state  of  our 
knowledge,  of  swinging  too  far  in  the  direction  opposite  to 
that  heretofore  generally  accepted,  it  seems  most  advan- 
tageous to  proceed  on  this  hypothesis.  In  support  of  this 
position  there  are  many  other  reasons  which  should  be  fully 
discussed  in  connection  with  the  detailed  descriptions  of  the 
Proterozoic  crystallines.  For  the  present  only  those  crys- 
talline rock-masses  will  be  considered  as  belonging  to  the 
Archaean  fundamental  complex,  that  consist  of  much 
sheared  granites,  crumpled  gneisses  and  schistose  rocks  not 
associated  with  undoubted  elastics. 

Probably  the  main  reason  for  the  lack  of  definite  and 
discriminating    information    regarding    the    pre-Cambrian 
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rocks  of  southwestern  United  States  has  been  the  compara- 
tively limited  exposures.  Another  factor  has  been  that  the 
examination  of  the  formations  has  been  an  incidental  object 
in  connection  with  hurried  expeditions  undertaken  for  other 
than  geological  purposes.  In  New  Mexico  the  exposures  of 
the  pre-Cambrian  crystalline  basement  are  for  the  most  part 
linear  in  character.  There  are  in  this  region  a  score  of 
prominent  mountain  ranges  in  which  the  basal  crystallines 
are  exposed  to  view.  At  least  in  half  of  this  number  the 
rocks  are  with  but  small  doubt  of  Azoic  age.  Several 
ranges  present  crystallines  which  are  of  undoubted  clastic 
origin.  In  the  remainder  the  age  of  the  crystallines  is  not 
definitely  knoWn. 

Most  of  the  ranges  will  have  to  be  studied  anew  in  the 
light  of  the  more  modern  conceptions  rendering  possible  the 
differentiation  of  the  old  crystallines  into  well  defined  geo- 
logical formations.  In  the  southern  Rockies,  which  extend 
down  from  Colorado  less  than  a  third  of  the  distance  to 
the  southern  boundary  of  New  Mexico,  there  are  four  large 
areas  of  basal  crystallines  all  of  which,  until  undoubted 
elastics  are  discovered  in  them,  may  be  considered  as  com- 
posed of  Azoic  formations.  As  a  whole  the  ranges  which 
collectively  go  to  make  up  the  southern  extremity  of  the 
Rockies  are  generally  known  as  the  Snowy  mountains  or  the 
Sangre  de  Cristo  ranges.  As  the  four  areas  of  Azoic  rocks 
mentioned  are  more  or  less  distinctly  separated  from  one  an- 
other, they  will  be  here  taken  up  briefly  in  turn. 

The  largest  and  most  important  area  of  ancient  crystal- 
lines occurring  in  New  Mexico  is  the  one  entering  from  the 
north  from  Colorado.  Comprised  within  the  area  are  the 
two  important  ranges,  Culebra,  and  Taos,  which  are  almost 
wholly  made  up  of  old  crystallines.  The  principal  rocks  are 
hornblendic  schists,  biotitic  schists,  gneisses,  gneissoid  gran- 
ites and  coarse-grained  unmodified  granites.  Stevenson* 
frequently  mentions  in  this  and  neighboring  districts  the 
existence  of  beds  of  quartzite  in  the  granitic  and  gneissic 
rocks.  Whether  or  not  all  of  these  "beds"  are  really  quartz- 
itic  elastics  cannot  now  be  told.  From  what  is  personally 
known  of  the  character  of  the  rocks  generally  in  this  region 
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it  is  not  believed  that  any  of  them  are  of  clastic  origin. 
Some  of  them  are  certainly  aplitic ;  and  others  are  known  to 
be  quartz-veins  inclined  at  low  angles. 

According  to  the  writer  just  mentioned,  the  rocks  im- 
mediately north  of  the  boundary  line  in  Colorado  are  pre- 
dominantly hornblendic  schists,  though  there  are  some  mica 
schists  present.  These  schists  occupy  the  middle  and  high- 
est portions  of  the  axis.  On  the  east  side  of  the  range 
gneisses  and  gneissoid  granites  prevail,  together  with  some 
mica  schists.  A  coarse-grained  granite  is  also  frequently 
met  with. 

Southward,  within  the  limits  of  New  Mexico,  the  horn- 
blendic schists  become  less  and  less  prominent.  At  the 
boundary  line  the  Azoic  belt  is  not  more  than  6  or  7  miles 
in  width,  but  within  a  short  distance  it  rapidly  broadens  out 
to  20  miles.  The  prevailing  rocks  are  dark  and  light  colored 
gneisses,  some  bands  of  the  latter  very  closely  resembling 
beds  of  quartzite.  Occasionally  bodies  of  coarse-grained 
granites  are  met  with. 

Bordering  the  front  of  the  Rockies,  from  a  point  near 
the  northern  boundary  of  New  Mexico  and  extending  south- 
ward a  distance  of  over  30  miles,  is  a  rugged  ridge  known 
as  the  Cimarron  range.  These  mountains  are  composed 
largely  of  Tertiary  eruptives.  Where  the  range  is  deeply 
cut  by  canyons  which  traverse  it,  as  for  example  on  the 
Rayado,  the  Cimarron,  and  several  branches  of  the  Vermejo, 
Azoic  rocks  are  disclosed  beneath  the  spread-out  eruptives. 
These  old  crystallines  are  chiefly  light  colored  micaceous 
schists  and  dark  hued  fine-grained  gneisses.  Occasionally 
these  rocks  are  broken  through  by  coarse-grained  red 
granites. 

In  the  southern  part  of  the  range  the  base  of  crystal- 
lines is  covered  by  basalt  flows  from  the  great  Ocate  crater, 
which  rises  out  of  the  plains  a  few  miles  to  the  southeast- 
ward. 

The  areal  distribution  and  the  structural  relationships 
of  the  Azoic  basement  in  the  southern  part  of  the  Cimarron 
range  are  at  present  somewhat  obscure.  The  apparent  irre- 
gularities in  the  distribution  of  these  rocks  is  probably  due 
largely  to  the  presence  of  the  Mora  arch  which  extends  in  a 
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northwesterly  and  southeasterly  direction  through  the 
Turkey  mountains.  The  genesis  of  this  arch  is  probably  of 
quite  recent  date.  It  crosses  the  great  fault  that  runs  along 
the  eastern  front  of  the  Rockies  which  late  erosion  has 
greatly  obscured  at  this  point. 

The  Azoic  core  of  the  Las  Vegas  and  Mora  ranges 
forms  a  narrow  belt  which  begins  a  few  miles  north  of  the 
crossing  of  the  Pecos  river  by  the  Atchison,  Topeka  and 
Santa  Fe  railroad  and  extends  northward  a  distance  of  65 
miles.  It  is  bordered  on  each  side  by  wide  belts  of  Carboni- 
ferous limestone.  The  most  prominent  peak  is  Solitario, 
which  rises  to  a  hight  of  10,260  feet  above  sea-level. 

At  the  northern  extremity,  the  rocks  appear  to  be  al- 
most entirely  hornblende  schists.  A  few  miles  to  the  south- 
ward light  colored  micaceous  schists  and  gneisses  are  the 
prevailing  rocks,  with  some  dark  colored  gneisses  occupy- 
ing the  central  portion  of  the  belt.  At  Mora  the  principal 
rock  is  a  gneissic  granite,  while  farther  on  appear  again  the 
micaceous  schists.  From  the  Cebolla  canyon  the  gneisses 
and  schists  appear  to  be  profoundly  aflPected  by  deformation 
agencies.  From  Solitario  peak  southward  the  predominant 
rock  is  a  coarse-grained  granite  with  occasional  bands  of 
gneiss. 

The  east  side  of  the  Rio  Grande  valley  in  northern  New 
Mexico  is  bordered  by  the  lofty  Santa  Fe  mountain  range,, 
the  highest  peak  of  which,  known  as  Baldy,  is  12,660  feet 
above  the  sea-level.  The  central  axis  of  this  range  is  com- 
uosed  of  ancient  crystallines  bordered  on  each  side  by  Car- 
boniferous rocks.  The  crystalline  belt  is  50  miles  long,  by 
6  to  8  wide  in  the  broadest  place.  At  the  southern  end  in 
the  Apache  canyon  the  prevailing  rock  is  a  red  granite. 
Granite  bands  and  masses  appear  at  frequent  intervals  far- 
ther north  in  the  gneisses  and  micaceous  schists.  In  the 
Santa  Fe  canyon  there  occur  in  the  gneiss  bands  of  argilla- 
ceous slate.  Farther  north  the  rocks  present  similar  geolo- 
gical characters. 

Archaean  granites  are  reported  by  Stevenson  as  com- 
posing the  Placer  (Ortiz)  mountains,  20  miles  south  of  San- 
ta Fe.  No  granite  is  found  in  these  mountains.  The  rocks 
are  micaceous  and  augitic  andesites    of    laccolithic  origin,. 
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and  probably  of  early  Tertiary  age.  The  same  is  true  of  the 
neighboring  Los  Cerrillos  hills,  the  Cerro  Pelon,  the  Tuertos 
group,  and  the  San  Ysidro. 

Thirty  miles  west  of  the  Rio  Grande,  and  about  the 
same  distance  north  of  the  city  of  Albuquerque  are  the  Na- 
cimiento  and  Jemez  mountains.  The  first  mentioned  of 
these  is  a  block  mountain  20  miles  long.  Along  the  g^eat 
fault  scarp,  and  under  the  Carboniferous  limestones  form- 
ing the  backslope,  the  basal  crystallines  are  well  exposed. 
These  appear  to  be  chiefly  granites,  so  far  as  observation 
goes.  Their  age  is  as  yet  undetermined.  They  are  for  the 
present  referred  to  the  Azoic. 

Near  the  continental  divide  west  of  Albuquerque  is  lo- 
cated the  Zuni  dome,  its  top  eroded  off  down  to  the  crystal- 
line basement.  The  age  of  the  pre-Carboniferous  crystal- 
lines is  presumably  Azoic.  As  early  as  1856  Marcou*  men- 
tions a  belt  of  crystallines  in  the  heart  of  the  Zuni  range  12 
miles  wide,  consisting  of  reddish  granite,  gneiss  and  schist. 
Blaket  also  calls  attention  to  the  gneisses  and  granites  of 
this  district,  and  corroborates  Marcou's  observations.  In 
Button's^  account  of  the  Zuni  plateau  the  presence  of 
gneisses  or  schists  is  not  mentioned.  The  granites  are  call- 
ed Archaean.  If,  however,  the  observations  recorded  are 
correctly  interpreted  some  of  the  granites  are  certainly  of 
much  later  intrusion.  This  author  states  that  they  have 
metamorphosed  the  overlying  Carboniferous  limestones,  and 
calls  particular  attention  to  this  phenomenon  as  it  is  well 
displayed  in  Mt.  Sedgwick,  the  most  prominent  feature  in 
the  field. 

The  remarkable  mountain  blocks  known  as  Sierras  Os- 
cura  and  San  Andreas  are  over  100  miles  long  and  extend 
northward  from  the  Organ  mountains  north  of  El  Paso. 
The  fault-scarps  of  the  two  ridges  face  each  other  at  their 
proximate  extremities,  a  flat  valley  lying  between  the  two. 
Herrick*  mentions  the  granitic  character  of  the  crystallines 
beneath  the  the  Carboniferous  limestones,  which  dip  in  op- 
posite directions  in  the  two  ranges.     The  age  and  lithologic 
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character  of  the  crystalline  basement  are  presumably  simi- 
lar to  those  of  the  Organ  mountains,  immediately  to  the 
south,  which  have  in  fact  a  genetic  relationship  to  the  San 
Andreas  range. 

While  properly  a  continuation  of  the  San  Andreas  and 
the  Franklin  mountains  to  the  south  the  Organs  belong  to  a 
distinct  block  which  has  been  elevated  much  more  than  any 
other  portion  of  the  long  ridge  to  which  they  belong.  In 
consequence  the  sedimentary  rocks  have  been  entirely  re- 
moved except  at  the  very  base  on  the  west  side. 

The  rocks  of  the  Organ  mountains  are  chiefly  red  and 
gray,  coarse-grained  granites.  Associated  with  these  are 
hornblendic  and  micaceous  schists,  which  are  traversed  by 
numerous  dikes,  which  are  quartzose,  dioritic  and  andesitic 
in  character.  Proterozoic  quartzites  and  clay  slates  are 
well  developed  a  few  miles  to  the  south,  in  Texas,  and  it 
is  probable  that  these  also  extend  into  New  Mexico.  Ac- 
cording to  Walcott  the  thickness  of  the  pre-Cambrian 
clastic  section  is  over  3,000  feet. 

In  Perry's  notes*  on  the  geology  of  the  Mexican 
boundary  mention  is  made  of  the  granites  underlying  the 
Carboniferous  limestone  of  Franklin  mountain  north  of  El 
Paso  and  in  the  Organ  mountains,  but  no  specific  refer- 
ence is  made  to  their  age.  G.  B.  Shumard*  passed  through 
the  Organ  mountains  in  1857  and  noted  on  the  east  side 
hornblende  and  mica  schists,  and  red  and  gray  granites, 
all  of  which  were  cut  by  dikes  of  quartz,  greenstone  and 
porphyry. 

Thirty  miles  west  of  the  San  Andreas  range  the  Ca- 
ballos  mountains  rise  abruptly  above  the  Rio  Grande  valley. 
These  form  a  block  mountain  in  which  the  crystalline  base- 
ment is  exposed  for  a  vertical  distance  of  1,500  feet.  Biotitic 
schists,  gray  crumpled  gneisses,  and  granites  form  the 
principal  rocks.  The  granites  arc  of  two  principal  kinds. 
One,  which  is  more  closely  identified  with  the  gneisses,  is 
gray,  rather  fine-grained  and  contains  a  large  amount  of 
quartz.  The  other  is  a  coarse-grained,  red  granite,  which 
appears  to  be  a  late  intrusive,  though  it  does  not  penetrate 


«  Ignited  states  &  Mexican  Bound.  Sur..  vol.   i.   pi.    ii.   n.   8.   1857. 
t  Jour.   Geol.   Obs.   Texas  and  New  Mexico,    in    18&5-6.    p.    113.    Austin. 
1886. 
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the  overlying  Carboniferous  limestones.  So  far  as  has  been 
observed  there  are  no  evidences  of  the  existence  of  clastic 
rocks  associated  with  these  gneisses. 

In  the  Santa  Rita  mountains,  in  Grant  county,  the  basal 
crystallines  underlying  the  Paleozoic  limestones  are  com- 
posed chiefly  of  schists.  The  exposures  are  small,  and  lit- 
tle detailed  information  on  the  subject  is  at  present  avail- 
able. 

The  great  Mogollon  uplift  in  western  New  Mtexico  ap- 
pears to  have  an  extensive  foundation  of  ancient  crystal- 
lines. The  region  is  so  covered  by  late  eruptives  that  most 
of  the  former  exposures  are  covered  up.  The  same  con- 
ditions prevail  in  the  neighboring  parts  of  Arizona. 
Reagan*  appears  to  have  found  evidences  of  the  presence 
of  both  Archaean  and  Proterozoic  formations.  The  rocks 
of  Azoic  age  consist  of  micaceous,  talcose,  chloritic,  and 
hornblendic  schists,  and  some  granites. 
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The    Two    Islands,    and    what    came    of    them.     Thomas    Condon, 

pp.  211,  pis.  30.     Portland,  Oregon,  J.   K.  Gill  Company,  1902, 

$1.50. 

While  the  author  of  this  volume  attempts  to  supply  a  popular 
rather  than  a  scientific  want,  yet  the  treatment  of  the  geology  of 
Oregon  is  thoroughly  scientific.  The  author  is  a  well  known  geolo- 
gist who  has  alone  represented  Oregon  in  geological  work  and 
geological  literature  for  a  life-time.  In  his  declining  years  he  has 
gathered  together  the  leading  facts,  discovered  mainly  by  himself, 
and  has  in  this  book  preserved  them  to  science,  and  to  the  credit 
of  his  own  labors.  He  has  a  large  collection  of  Oregon  vertebrate 
fossils,  and  he  has  supplied  others  to  eastern  paleontologists.  The 
writer  has  known  of  his  vigorous  activity  since  the  days  of  his 
earliest  geological  work. 

The  two  islands  described  are  named  Shoshone  and  Siskiyou, 
the  former  in  the  northeastern  part  of  the  state,,  in  the  region  of 
the  Blue  mountains  and  the  latter  in  the  southwestern  comer,  ex- 
tending into  northern  California,  occupying  what  is  now  the  Sis- 

•  American     Geologist,    vol.    xxxii.  pp.   267-306,   1903. 
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Uyoo  mountain  region.  The  author  traces  the  development  of  these 
islands  into  Oregon,  and  notes  the  changes  of  anima)  life  as  the 
development  progresses.  These  islands  each  had  a  nucleus  as  early 
as  the  Triassic;  they  expanded  through  the  Jurassic  and  had  con- 
tinuous increase  in  area  through  the  Cretaceous. 

The  Cretaceous  was  closed  by  an  important  geologic  and  geo- 
graphic event,  the  upfold  of  a  colossal  sea  dyke.  This  dyHe  grew 
into  the  Cascade  and  Sierra  Nevada  range.  It  separated  these 
islands,  the  Shoshone  being  enclosed  on  the  east  and  thence  for- 
ward associated  with  fresh  water,  and  the  Siskiyou  on  the  west  left 
still  subject  to  marine  conditions.  This  gave  the  islands  different 
life  histories,  that  of  the  Shoshone  being  characterized  by  land 
animals  whose  remains  were  washed  into  the  lake  in  which  the 
island  stood,  and  that  of  the  Siskiyou  by  beautifully  preserved 
Eocene  marine  fossils.  The  Miocene  was  introduced  by  the  slow 
initiation  of  the  Coast  range  uplift,  forming  finally  a  Coast  range 
valley  between  the  Cascades  and  the  Coast  range  which  is  trace- 
able  from  southern  California  to  Queen  Charlotte's  sound  though 
having  different  names  in  its  various  parts — ^the  San  Joaquin,  Sac- 
ramento, Willamette,  Puget  Sound. 

The  fresh  waters  on  the  east  side  of  the  Cascade  uplift  were 
gradually  reduced  in  area,  from  lakes  connected  by  streams  to 
broad  low  valleys  through  which  single  streams  flowed.  These  in- 
land lakes  laid  the  foundation  for  the  drainage  southward  of  the 
Colorado  river,  and  that  northward  of  the  Columbia  river.  _  The 
Eocene  climate  was  that  of  the  palm  and  of  the  rhinoceros,  moist 
and  warm.  The  elevation  and  continuity  of  the  Cascade  range  were 
not  then  sufficient  to  exclude  the  warm  moist  atmosphere  of  the 
Pacific.  Much  of  the  present  area  of  Alaska,  as  pointed  out  by  the 
author,  was  yet  under  the  ocean,  and  there  was  presented  an  open 
passage  for  the  Japan  current,  fiowing  eastward  on  its  way  to  the 
Hudson  bay  and  the  coast  of  Greenland,  thus  "cutting  off  all  accu- 
mulations of  ice  between  Oregon  and  the  Arctic  ocean."  These 
subtropical  conditions  were  gradually  changed  to  more  temperate^ 
and  even  Arctic,  by  the  increasing  elevation  of  the  Cascades  and 
the  exclusion  of  the  Japan  current.  This  change  was  accompanied 
by  the  loss  of  the  rhinoceros  and  the  palm  tree,  the  introduction 
of  Miocene  animals  and  plants  and  finally  the  Pliocene. 

At  the  close  of  the  Eocene  the  Shoshone  island  was  joined  to 
the  eastern  mainland.  The  larger  mammals  then  swarmed  over  the 
island.  These  were  Oreodon,  Rhinoceros,  Entilodon,  Bothrolabis, 
various  small  rodents,  cats  like  the  cougar,  dogs,  diminutive  horsea 
having  three  hoofs  instead  of  a  single  hoof,  the  composite  genus 
Anchitherihm 

With  the  introduction  of  the  Pliocene  the  Miocene  strata  were 
slowly  and  unevenly  elevated,  the  Miocene  lakes  were  drained  and 
large  quantities  of  igneous  rock  were  thrust  upward  through  great 
orifices  in  the  strata.    The  Pliocene  lakes  were  smaller  and  their 
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sediments  are  marked  by  two  characteristic  fossils  which  run 
through  them  all,  the  camel  and  the  horse.  The  horse  was  of 
numerous  forms,  the  most  noteworthy  being  Hipparion  and  Proto^ 
hippus.  The  camel  was  in  two  groups,  the  camel  proper  and  the 
Anchenia,  the  former  perhaps  as  large  as  the  Arabian  camel  and  the 
latter  about  the  size  of  a  goat.  Fossil  remains  of  the  real  horse. 
Indicating  an  animal  about  as  large  as  a  good  sized  dray  horse  of 
to-day  have  also  been  found  in  the  Pliocene  and  were  described  by 
Prof.  Condon  in  1866,  the  earliest  in  North  America. 

The  author  divides  the  Pliocene  of  Oregon  into  two  groups,  the 
Dalles  and  the  Silver  Lake  groups  and  gives  notes  of  their  verte- 
brate remains.  It  is  in  the  latter  that  he  found,  associated  with 
remains  of  camel  and  other  Pliocene  fossils,  obsidian  arrow  points 
indicating  that  man  lived  in  Pliocene  time  in  Oregon.  Prof.  Cope 
accepted  that  conclusion,  but  Prof.  Condon  supposes  that  the  case 
is  not  proven,  since  the  human  implements  may  have  reached  their 
position  by  simple  gravitation  through  the  denudation  of  some  thick- 
ness of  Pliocene  strata  which  originally  may  have  separated  them 
from  the  camel  bones.  The  existence  of  sand  dunes  in  the  imme- 
diate vicinity,  suggesting  powerful  winds,  and  the  fact  that  the 
1)ones  and  the » arrow  heads  are  mixed  promiscuously  on  the  bare 
surface,  give  some  shadow  of  plausibility  to  this  supposition.  But 
it  is  plainly  necessary  to  subject  the  region  to  an  extensive  and 
more  detailed  survey  before  it  will  be  possible  to  pronounce  positive- 
ly on  this  question.  Prima  facie  the  evidence  points  as  Cope  con* 
eluded,  but  owing  to  the  importance  of  the  conclusion  it  may  be 
best  to  hold  it  in  abeyance. 

The  "surface  deposits"  ar^  those  that  have  accumulated  since 
Pliocene  time,  bogs,  swamps  and  all  slight  depressions  in  which 
large  mammals  often  sink  to  their  death.  They  are  Pleistocene  and 
contain  the  remains  of  mammoth,  mastodon,  the  broad-faced  ox  and 
the  sloth-like  Mylodon.  "A  large  part  of  this  geological  period  over- 
laps that  of  prehistoric  man."  Up  to  the  Glacial  period  the  horse 
and  the  camel  were  abundant  in  Oregon  and  their  continuance 
through  Glacial  times  is  still  in  doubt. 

The  author  devotes  a  chapter  to  "The  Willamette  Sound."  This 
body  of  water  covered  the  Willamette  valley  and  was  connected 
with  the  Pacific.  It  was  an  incident  of  recent  changes  of  level 
along  the  coast  of  Oregon  and  Washington.  The  sediments  are 
thick,  nicely  stratified  and  in  some  places  contain  great  numbers 
of  fossils  of  recent  shells  mostly  identical  with  those  now  living 
along  the  shore.  The  waters  of  this  sound  rose  to  at  least  350  feet 
higher,  relative  to  the  land,  than  the  Pacific  ocean  of  to-day,  and 
they  buried  the  whole  region  under  a  fine  loess  which  reaches  the 
thickness  of  over  100  feet  and  forms  the  present  soil  and  subsoil 
of  the  valley.  The  author  does  not  indicate  what  may  have  been 
the  chronological  relation  of  this  sound  to  the  Pleistocene,  or  to  any 
part  of  it.    No  human  remains  have  yet  been  found  in  its  sediments. 
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The  latest  geological  event  seems  to  have  been  the  rise  of  the  land 
to  its  present  attitude,  accompanied  perhaps  by  volcanic  activity  in 
some  of  the  peaks  of  the  region. 

The  book  is  a  very  useful'  compend.  It  would  have  been  im- 
proved by  an  index  and  still  more  by  an  outline  map  of  Oregon. 
On  the  map  could  have  been  expressed  various  localities  which  the 
unfamiliar  reader  would  have  referred  to  eagerly,  and  it  might  also 
have  shown  some  geological  data.  N.  H.  W. 

Ice   or    Water:    Another   Appeal   to    Induction   from    the  Scholastic 
Methods   of  Modern  Geology.     By   Sir   Henry   H.   Howorth.    Id 
two  volumes.    Vol.  I,  pp.  liii,  536;  Vol.  II,  pp.  viii,  498.    Long- 
mans, Green  and  Ck>.,  London,  New  York,  and  Bombay,  1905. 
In  these  controversial  volumes,  published  a  few  months  ago,. 
Sir   Henry   Howorth   returns  with  redoubled   zeal   to  his  warfare 
against  the  glacialists.    All  extant  or  even  obsolete  theories  of  the 
causes  of  the  Ice  age  are  reviewed  and  analyzed.    Weighed  in  the 
author's  balance,  they  all  are  found  wanting;  none  seems  to  him 
accordant  with  sound  physical  principles,  and  competent  to  explain 
continental  glaciaticm.    Therefore,  in  his  Judgment,  the  Ice  age,  in 
which  the  glacialists  believe,  must  be  a  myth,  merely  a  figment  of 
their  imagination. 

To  follow  this  destructive  criticism,  however,  a  constructive 
third  volume  is  promised,  completing  the  series  thus  entitled,  which 
last  volume  will  be  devoted  to  exposition  of  the  author's  theory  of 
the  origin  of  the  drift  by  the  agency  of  rushing  waters  or  floods,  the 
renowned  debacles  of  geologic  science  two  or  three  generations  ago. 
From  his  early  studies  and  publications,  "A  History  of  the^ 
Mongols,"  and  "Chingiz  Khan  and  his  Ancestors,"  which  led  our 
author  through  central  and  northern  Asia,  he  first  came  forward 
to  challenge  glacial  doctrines  in  a  memoir  most  amply  illustrated 
by  Siberia.  This  was  "The  Mammoth  and  the  Flood,  an  Attempt 
to  Confront  the  Theory  of  Uniformity  with  the  Facts  of  Recent 
Geology"   (pages  xxxii,  464;    London,  1887). 

Six  years  later,  he  again  assaulted  these  doctrines  of  glaciation^ 
imputing  them  to  wild  imagination,  such  as  gives  affrighting  dreams, 
in  "The  Glacial  Nightmare  and  the  Flood,  a  Second  Appeal  to  Com- 
mon Sense  from  the  Extravagance  of  Some  Recent  Geology"  (two 
volumes,  pp.  xxviii.  376,  and  xi,  377-920;  London,  1893).  In  a  con- 
siderable degree  the  new  volumes  cover  the  same  ground  and  use 
the  same  arguments  as  that  former  work;  but  the  present  discus- 
sions and  adverse  criticism  are  more  elaborate,  with  large  polemic 
additions,  brushing  aside  and  toppling  down,  according  to  the 
author's  opinion,  all  the  ingenious  devices  by  which  the  followers 
of  Agassiz  have  sought  to  account  for  the  climatic  conditions  of 
their  Glacial  period. 

In  opposition  to  the  epeirogcnic  theory,  which  seems  to  the 
reviewer  to  be  true  and  sufficient  to  explain  the  accumulation  of 
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Pleistocene  ice  sheets.  Sir  Henry  refuses  its  most  important  evi- 
dence and  support  by  his  denial  that  the  fjords  are  valleys  of  river 
erosion.  To  his  mind  the  great  depths  of  the  fjords  beneath  the 
sea  level  are  not  a  proof  of  former  high  land  elevation,  because  he 
regards  these  very  deep  meandering  and  branching  valleys  as  fla- 
sures  produced  by  rock  fracture!  But  geologists  can  not  give  cred- 
ence to  this  view  of  the  origin  of  fjords,  nor  can  they  go  back  a 
century  to  the  diluvial  theory  of  tlie  origin  of  till,  moraines,  and 
glacial  striation.  W.  U. 

The  Rocks  of  Tristan  d'Acunba,  brought  back  by  H.  M.  S.  *Odin' 
1904,  with  their  Bearing  on  the  Question  of  the  Permanence 
of  Ocean  Basins.  By  Prof.  Ernest  H.  L  Schwarz,  Rhodes  Uni- 
versity College,  Grahamstown,  South  Africa.  Transactions  of 
the  South  African  Philosophical  Society,  vol.  xvi,  pp.  9-51,  with 
two  maps  and  a  section;  May,  1905. 

It  is  held  by  this  author,  following  Judd  and  Suess,  that  the 
interior  of  the  earth  is  composed  of  a  heavy  metallic  center  and  is 
covered  by  an  envelope,  of  siliceous  slag.  Where  volcanic  action 
reaches  up  from  very  great  depths,  it  would  therefore  be  expected 
to  bring  great  masses  of  metallic  substances,  like  the  nickeliferoua 
iron  of  JDvifak  in  Greenland.  But  in  no  instance  has  an  oceanic 
island  of  volcanic  rocks  yielded  a  mine  of  any  metal.  Nearly  every- 
where the  seat  of  volcanic  upflow  appears  to  be  of  relatively  small 
depth,  where  the  motion  and  friction  of  bending  and  shearing  along 
great  fissure  lines  have  melted  parts  of  the  sedimentary  or  older 
crystalline  rocks  of  the  earth  crust. 

On  the  lofty  island  of  Tristan  d'  Acunha,  and  on  numerous  other 
lone  volcanic  islands  of  the  South  Atlantic,  fragments  of  granite, 
gneiss,  or  other  rocks  of  continental  types,  have  been  found,  lead- 
ing to  the  hypothesis  that  formerly  a  continental  land  mass  occu- 
pied that  area,  which  is  now  enveloped  by  profound  oceanic  waters. 
The  ancient  land  is  supposed  to  have  reached  from  Cape  San  Roque 
to  Sierra  Leone,  on  the  north,  and  from  southern  Brazil  through 
Tristan  d'  Acunha,  to  the  Cape  of  Good  Hope,  on  the  south;  and 
it  is  conjectured  to  have  existed  from  Devonian  to  Late  Tertiary 
times.  w.  u. 

Geological  Survey  of  New  Jersey,  Annual  Report  for  the   Year  1904. 

Henry  B.    Ku.mmkl.     State   Geologist.     Pages   ix,   317;    with   19 

plates  and  18  figures  in  the  text.     Trenton,  N.  J.,  1905. 

Besides  his  administrative  report,  the  state  geologist  writes  of 
the  molding  sands  and  the  mining  industry.  The  production  of 
iron  ore  from  the  New  Jersey  mines  in  1904  was  nearly  half  a 
million  tons,  being  greater  than  in  any  former  year  since  1891;  and 
the  zinc  ore  production  was  250,025  tons. 

Dr.  Charles  R.  Eastman  presents  a  report  on  the  Triassic 
fishes  of  New  Jersey,  noting  sixteen  species. 

Stuart  Weller  describes  the  fauna  of  the  Cliffwood  clays  in  the 
Raritan  formation,  and  classifies  the  Upper  Cretaceous  formations 
and  faunas  of  the  state. 
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F.  B.  Peck  treats  of  the  talc  deposits  of  PhilUpsburg,  N.  J.,  and 
Baston,  Pa.;  and  Arthur  C.  Spencer  reports  the  progress  of  work 
in  the  Pre-Cambrlan  rocks.  w.  u. 

The  Geology  of  the  Perry  Basin  in  Southeastern  Maine.  By  Gborgb 
Otis  Smith  and  David  White.  XJ.  S.  Geol.  Survey,  Professional 
Paper  No.  35.  Pages  107,  with  6  plates.  1905. 
The  earliest  report  of  Dr.  Charles  T.  Jackson  on  the  geology 
of  Maine,  in  1837,  recommended  boring  for  discovery  of  coal  in  the 
sandstone  formation  bordering  the  west  side  of  Passamaquoddy 
bay,  in  the  vicinity  of  Perry,  that  formation  being  supposed  to  be  a 
continuation  of  the  bituminous  coal  series  of  New  Brunswick. 
Later,  on  the  evidence  of  fossil  plants,  the  Perry  beds  were  regarded 
by  W.  B.  Rogers,  Newberry,  C.  H.  Hitchcock,  J.  W.  Dawson,  and 
others,  as  of  upper  Devonian  age,  being  thus  older  than  any  known 
rocks  containing  commercially  workable  coal.  But  citizens  of  that 
district,  deeming  the  question  yet  undecided,  petitioned  the  state 
legislature  two  years  ago  for  an  appropriation  to  be  expended  in 
drilling  for  coal,  which  led  to  the  special  survey  reported  in  this 
paper. 

The  Perry  formation  is  found  to  comprise,  in  ascending  order, 
a  lower  conglomerate,  a  lower  la^a,  an  upper  sandstone,  and  an 
upper  lava.  There  has  been  no  very  marked  folding  and  but  slight 
alteration  of  the  beds;  and  their  age  is  shown  to  be  distinctly 
upper  Devonian,  and  probably  Chemung.  It  is  certain  that  they 
contain  no  workable  coal  deposits.  W.  U. 
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No.  260,  pp.  164-168,  1906). 

BAINp  H.  FOSTER.  « 

The  Fluorspar  Deposits  of  Southern  Illinois.     (U.  S.  G.  S.  BolL 
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pp.  233-236,  1906). 

BAIN,  H.  F. 
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PERSONAL  AND  SCENTIFIC  NEWS. 


Prof.  Ries  of  Cornell  Uninersity  has  been  engaged 
during  the  summer,  on  an  investigation  of  the  clays  and 
molding  sands  of  the  Virginia  coastal  plain. 

W.  T.  McCourt,  Instructor  in  Economic  Geology  in 
Cornell  university,  has  been  studying  the  peat  deposits  of 
New  Jersey  for  the  N.  J.  Geol.  Survey. 

Mr.  H.  Foster  Bain  is  engaged  in  a  study  of  the  Rocky 
mountain  zinc  fields  for  the  U.  S.  Geol.  Survey.  He  will 
visit  Colorado,  New  Mexico  and  other  producing  territories 
to  arrange  for  the  collection  of  statistics  of  production  for 
the  Division  of  Mineral  Resources. 

Professor  T.  C.  Chamberlin  has  been  appointed  a 
member  of  the  Illinois  Ge<dogical  Survey  Board.  The  re- 
maining members  are  ex-officio,  governor  Deneen  and  presi" 
dent  James  of  the  State  university.. 

Mr.  Bailey  Willis  returned  in  July  from  Europe  where 
he  had  been  since  February  working  under  a  grant  from  the 
Carnegie  Institution. 

Dr.  C.  W.  Hayes  of  the  U.  S.  Geological  Survey  spent 
July  and  August  in  Utah  and  other  western  states  inspect- 
ing field  work. 

Prof.  Edward  Orton  Jk  ,  State  Geologifct  of  Ohio,  spent 

three  weeks  in  July  studying  the  glacial  geology  of  Longs 
Peak.  Colorado.  The  remainder  of  the  summer  he  will 
spend  in  Massachusetts  engaged  in  editing  one  of  the  bulle- 
tins of  the  state  survey.  Field  work  for  the  Geological 
Survey  of  Ohio  is  being  carried  on  by  other  members  of  the 
survey.  IVof.  John  A.  Bownocker  is  studying  and  map- 
ping the  Pittsburg  coal  in  eastern  Ohio  and  completing  a 
bulletin  on  the  salt  fields  and  industry  of  the  state.  Prof. 
Charles  S.  Prosser  is  studying  the  Devonian  and  Carboni- 
ferous formations  of  the  state  and  j)art  of  the  summer  will 
be  spent  on  his  report  on  the  stratigraphical  geology  of 
these  formations. 

During  tfie  Month  of  July  Mr.  M.  L.  Fuller  and  F.  G. 
Cla])])  of  the  I'nited  States  geological  survey  made  a  recon- 
naissance trip  through  Newfoundland  and  along  the  coast 
of  Labrador  to  a  point  north  of  Hopedale  for  the  purpose  of 
comparing  the  glacial  features  with  those  of  northeastern 
I'nited  vSiatcs.  Several  interesting  ])oints  relating  to  possi- 
ble ])re-\\'iscoiisin  deposits,  to  the  origin  of  the  high  terraces 
and  to  the  reeenUu-ss  of  the  last  glaciation,  were  brought 
out.  'J'lie  intention  was  to  go  further  north,  but  this  was 
impossible  because  of  the  ])resence  of  unusually  heavy  pack 
ice  along  the  shore  from  which  the  vessel  was  obliged  to 
withdraw  after  penetrating  it  for  a  distance  of  some  ten 

miles. 
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PLEISTOCENE  FEATURES  IN  THE  SYRACUSE  REGION.* 

By  H     L.  Fairchild,  University  of  Rochester 

PLATES  VI.  AND  VII. 

The  district  lying  near  the  city  of  Syracuse  is  one  of 
unusual  interest  to  the  student  of  glacial  and  geographic 
gieology.  In  addition  to  the  common  forms  of  Glacial  drift 
there  are  here  displayed  a  remarkable  scries  of  stream 
canons  aiid  cataracts  cut  by  the  ice-border  drainage,  and 
the  shore  ])henomena  of  (ilacial  lakes,  specially  of  lake  Iro- 
quois. 

Moraines  are  not  strongly  represented  among  the  drift 
forms  of  the  region.  No  heavy  or  well-defined  moraine  oc- 
curs near  the  city,  although  some  masses  of  hummocky 
drift  are  to  be  seen.  Most  of  the  drift  burden  of  the  ice 
sheet  was  here  built  into  drumlins.  X'alley  moraines  occur 
far  south  of  the  city,  as  has  been  noted  in  the  descri])ti()n 
of  the  railroad  routes. 

Kames,  or  water-laid  or  stratified  drift  in  the  form  of 
knolls  or  mounds  of  gravel  and  sand,  are  scattered  over  the 
region,  and  are  conspicuous  in  the  southern  part  of  the  city 
and  along  the  valley  sides,  their  structure  being  well  shown 
in  the  excavations  kn  building  sand. 

The  remarkable  features  of  the  drift  known  as  "drum- 
,lins*'  are  excellently  shown  in  and  around  the  city.  The 
city  lies  in  tho  eastern  end  of  the  belt  of  drumlins.  ])erhaps 
the  most  remarkable  in  the  world,  which  extends  west  for  a 
himdred  miles,  livery  hill  between  Syracuse  and  Rochester 
is  a  drumlin  :  adthough  some  of  them  have  a  base  or  core  of 
Salin'a  shale. 

•  I*ri*parc'd  for  tho  lichl  proKramme  of  the  inortiriK   of  S<'Cti<»M   K.   Am. 
Auoc.  Adv.  Sri..  Syracusr,  N.  Y..  July  lft-22.    J9ff). 
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South  of  the  palallel  of  Syracuse,  which  lies  at  the  line 
of  the  north-facing  escarpment  of  the  Onondaga  limestone, 
the  ancient  valleys  that  were  cut  by  north-flowing  streams 
are  very  prominent,  the  country  being  a  series  of  north  and 
south  valleys  and  intervalley  ridges,  a  part  of  the  ''finger 
lakes"  area.  North  of  the  parallel  of  Syracuse,  and  where 
the  strata  are  mostly  a  great  thickness  of  soft  Salina, 
Niagara  and  Medina  shales,  the  valleys  have  been  obliter- 
ated, partly  by  the  drift  filling,  and  possibly  to  some  extent 
by  the  removal  by  the  ice  of  the  saliences  in  the  soft  Salina. 
The  city  lies  in  the  northern  end  of  the  visible  Onondaga 
valley,  on  a  plain  produced  by  Glacial  and  lake  filling.  Deep 
borings  for  salt  show  a  great  depth  of  valley  filling,  but  the 
topography  of  the  buried  valley  can  only  be  determined  by 
systematic  borings.  In  the  deeply  buried  sands  of  the 
valley  the  brines  accumulate  from  the  adjacent  salt  beds, 
making  Syracuse  the  "saline  city.'* 

During  the  recession  of  the  continental  glacier  from  this 
region,  the  ice  sheet  acted  as  a  barrier  to  the  northward 
drainage  by  blocking  the  northern  ends  of  the  valleys.  In 
consequence;  lakes  were  held  in  all  the  valleys  extending 
southward  into  the  highland.  The  earliest  and  highest 
waters  in  each  valley  found  escape  southward  across  the 
col  at  the  present  valley  head ;  but  later,  as  the  ice  front  gave 
way,  the  overflow  was  across  the  intcrvaUey  ridges  past 
the  ice  border.  The  evidences  of  these  ancient  waters  are 
the  deltas  built  at  various  levels  by  the  tributary  streams, 
and  the  outlet  channels  which  determined  the  several  levels. 
Some  of  these  channels  and  correlating  deltas  are  very 
prominent  features. 

The  description  and  naming  of  the  local  lakes  in  the 
valleys  of  the  Syracuse  region  may  he  found  in  pages  52-63 
of  the  article  noted  in  the  list  of  references  as  Xo.  i.  .\s 
this  may  not  be  available  to  all  readers,  a  brief  enumeration 
of  these  lakes  is  given  as  follows :  In  the  Otisco  valley  the 
primitive  and  highest  water,  called  the  (ilacial  lake  Otisco. 
had  its  outlet  southward  over  the  col.  The  lower  water,  the 
Marictte  lake,  escaped  west  to  the  Skaneateles  valley.  In 
the  Onondaga  valley  the  highest  water  was  the  Cardiff  lake, 
which  had  its  outlet  south  through  the  Tullv  lakes.     Later, 
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the  waters  fell  to  the  hight  of  the  outlets  at  Joshua  and 
Navarino,  leading  west  to  the  Otisco  valley,  and  are  called 
the  South  Onondaga  lake.  A  yet  lower  lake,  the  Onondaga 
Valley  lake,  had  eastward  escape  by  the  channels  at  James- 
ville.  On  the  Butternut  valley  the  highest  lake.  Butternut 
lake,  overflowed  south  across  the  col  and  through  Tully 
village,  while  its  successor,  the  Jamesville  lake,  had  outlet 
eastward  by  the  channels  northeast  of  Jamesville. 

The  vast  expanse  of  Glacial  waters  which  were  held  by 
the  waning  ice  sheet  in  the  Huron,  Erie  and  Ontario  basins 
had  their  lower  escape  through  the  lower  members  of  the 
local  lakes  already  mentioned.  These  were  the  great  lake 
Warren  and  the  lowering  waters,  of  which  only  one  pause 
had  been  determined,  namely:  lake  Dana.  The  Warren 
waters  reached  this  territory  with  an  altitude  of  about  890 
feet  as  the  present  level.  The  Dana  waters  were  about  180 
feet  lower,  and  the  outlet  of  lake  Dana  is  believed  to  be  the 
great  channel  leading  east  from  Marcellus.  The  numerals 
given  in  connection  with  the  channels  shown  in  the  accom- 
panying map,  show  the  present  altitude  of  the  heads  of  the 
channels.     (Plate  vii.) 

The  successor  of  the  Warren  water  and  the  falling 
Warren  (Hyper-Iroquois)  in  the  Ontario  is  lake  Iroquois, 
with  its  outlet  at  Rome  over  the  Mohawk  valley.  Lake 
Iroquois  flooded  the  Syracuse  plain  and  the  lower  ends  of 
the  Onondaga,  Butternut  and  Limestone  valleys.  The 
wave-cut  notches  on  the  drumlins  and  the  wave-built  spits 
and  bars  are  to  be  seen  near  the  city. 

The  most  novel  and  interesting  features  of  the  region 
are  the  deserted  river  channels,  which  were  cut  by  the 
Glacial  w^aters  in  their  escape  to  the  eastward  past  the  ice 
border.  After  the  glacier  had  dumped  its  rock-rubbish  in 
the  valleys  and  so  formed  the  valley-head  moraine,  or  pres- 
ent water  parting,  it  wasted  away  until  the  ice  border  was 
many  miles  north  of  the  moraines,  thus  forming  the  valley 
basins  that  held  the  local  Glacial  lakes  described  above,  the 
northern  harrier  being  the  ice  body  itself.  The  later  waters 
held  in  these  basins  escaped  across  the  ridges  and  pro- 
duced the  fossil  channels  that  are  indicated  in  the  map. 
The  reader  should  clearly     understand     that     the     present 


138  The  American  Geologist.  seirtcmber.  ica5 

north-flowing  streams  are  in  deep  and  wide  pre-Glacial  val- 
leys (these  are  shown  by  the  topographic  sheets),  while 
the  extinct  channels  are  cut  across  the  tops  of  the  inter- 
valley  ridges  and  high  above  the  north-south  valleys.  In 
other  words,  the  highest  of  them  have  both  ends  in  the  air. 
As  the  crests  of  the  ridges  decline  or  fall  away  to  the  north, 
the  transverse  channels  on  any  meridian  were  cut  success- 
ively from  south  to  north,  as  the  ice  barrier  receded,  and  of 
course  at  successivelv  lower  levels.  As  no  channel  was 
deserted  until  a  lower  escape  was  opened,  it  follows  that 
each  successive  or  lower  channel  must  have  been  initiated 
at  an  altitude  below  the  bottom  of  the  preceding  channel. 

The  Syracuse  channels  and  cataracts  were  functionally 
the  predecessors  of  Niagara,  as  they  carried  the  overflow 
of  western  waters  eastward  to  the  Ontarian  level.  Two  of 
the  fossil  cataracts,  those  of  Jamesville  and  Blue  lakes,  are 
comparable  in  hight  and  capacity  to  the  present  Niagara. 
No  visitor,  standing  for  the  first  time  on  the  crest  of  the 
Jamesville  lake  amphitheater  and  appreciating  the  romantic 
history  involved  in  the  phenomena,  will  regret  a  journey  of 
a  thousand  miles  to  view  the  region.     (See  plate  vi. 

A  brief  description  of  these  features,  with  illustrations, 
may  be  found  in  No.  3  of  the  references. 

The  rivers  which  excavated  the  cross-ridge  channels 
dumped  their  detritus  into  the  valley  lakes.  A  very  prom- 
inent delta  lies  two  miles  south  of  Marcellus,  in  the  Otisco 
valley,  but  this  is  beyond  the  easy  reach  of  the  excursions. 
It  may  be  seen  on  the  Skaneateles  sheet.  The  largest  delta 
in  the  region  is  in  the  Onondaga  valley  at  the  junction  of 
the  Marcellus-Cedarvale  channel,  and  shows  on  the  Tully 
sheet.  It  can  be  reached  on  the  trips  and  can  be  plainly 
seen  miles  away,  from  the  east  side  of  the  Onondaga  valley. 
This  great  delta  extends  from  a  mile  northwest  of  South 
Onondaga  around  the  north  of  Indian  Village,  a  stretch  of 
four  miles.  Another  delta  lies  west  of  Jamesville  at  the 
mouth  of  the  gorge,  below  the  lake  and  ancient  cataract. 
Still  another  and  more  conspicuous  delta  occurs  at  High 
Bridge  in  the  limestone  valley  at  the  mouth  of  the  White 
lake  channel,  and  is  mapped  in  the  southeast  corner  of  the 
Svracuse  sheet.     Small  terraces  and  benches  of  stream  detri- 
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tus,  built  in  the  Glacial  waters,  may  be  seen  along  the 
slopes  of  the  valleys,  correlating  with  the  lake  levels  estab- 
lished by  the  stronger  channels.  Those  in  the  Onondaga 
valley  are  more  specially  related  to  the  Railroad  channel. ' 
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Car-Window  Geology:  Suggestions  to  travelers. 

Approaching  Syracuse  from .  the  west  by  the  New  York 
Central  or  the  West  Shore  railroady — From  Buffalo  to  Crit- 
tenden the  New  York  Central  R.  R.  lies  on  the  leveled  lake- 
bottom  of  Warren  waters,  the  strong  beach  of  which  is 
crossed  at  Crittenden.  From  there  to  beyond  Batavia  the 
road  is  in  the  well-accentuated  Batavia  moraine.  From 
there  to  Rochester  the  generally  smooth  plain  is  diversified 
with  drumlins  and  low  kames.  The  West  Shore  road  lies 
on  the  Warren  lake-bottom  nearly  all  the  way,  and  at 
Smithvillc  station  a  conspicuous  cliff  cut  by  Warren  waves 
may  be  seen  on  the  south.  From  Oakfield  to  Rochester 
scattered  drumlins  may  be  seen  on  the  south.  From  Oak- 
field  to  Rochester  scattered  drumlins  may  be  seen  on  the 
south,  with  moraine  topography  at  Church ville. 

From  Fairport  (east  of  Rochester)  to  and  beyond  Syra* 
cuse  these  railroads  follow  the  river  channels  cut  bv  the 
Glacial  waters  in  their  eastward  flow.  From  Newark  east- 
ward the  work  of  lake  Iroquois  waves  may  be  seen  in 
numerous  notches  or  terraces  on  the  drumlins,  at  from  20 
to  30  feet  above  the  level  of  the  railroads.     For  th^  whole 
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distance  the  drumlins  appear  in  remarkable  form.  The 
Salina  shales  appear  in  places  as  red  or  green  clay-like  ex- 
posures, the  best  display  being  3  miles  east  of  Newark,  on 
the  south  side  of  the  tracks. 

Approaching  Syracuse  from  the  east  by  the  New  York 
Central, — From  Schenectady  to  Rome  the  railroad  lies  in 
the  ancient  channel  of  the  Iromohawk  river,  a  stream  larger 
than  the  St.  Lawrence,  which  carried  the  overflow  of  the 
Glacial  lake,  lake  Iroquois.  On  the  south  wall  of  the  valley 
may  be  seen  the  high-level  channels  cut  by  Glacial  waters 
when  held  up  by  the  ice  front.  Such  are  conspicuous  three 
or  four  miles  west  of  Little  Falls  and  east  of  Utica  for  sev- 
eral miles. '  Between  Little  Falls  and  Rome  the  deltas  built 
in  the  earlier  waters  and  the  flood  plains  of  the  Iromohawk 
are  conspicuous.  (This  stretch  is  covered  by  the  Utica, 
Oriskany  and  Oneida  sheets  of  the  geological  map  of  New 
Vork  State.)  From  Rome  to  near  Oneida  the  railroad  lies 
in  a  pronounced  Glacial  river  channel.  All  the  way  from 
Oneida  to  Syracuse  the  tracks  lie  on  the  Iroquois  lake-bot- 
tom, while  the  south  banks  of  the  ice-border  drainage  are 
conspicuous  at  many  points,  on  the  south  side  of  the  train 
appearing  as  steep  bluffs  on  the  saliences.  The  north  bank 
of  the  stream  was  the  ice  of  the  ancient  Glacial  cap. 

The  West  Shore  railroad  parallels  the  New  York  Cen- 
tral from  Oneida  to  Svracuse  and  shows  the  stream-cut 
bluflFs  even  better,  since  it  lies  farther  south. 

Approaching  Syract/se  Jrom  the  south  by  the  Delaware 
Lackawanna  and  Western  railroad. — Northward  from  Bing- 
hamton  the  road  follows  vallevs  which  were  the  southern 
escape  of  Glacial  waters.  The  abundant  stream  detritus 
may  be  seen  in  the  broad  stretches  of  gravel  plains  and  in 
terraces  and  deltas  at  the  mouths  of  side  valleys.  From 
Tully  northward  for  two  miles  the  road  lies  in  the  small 
channel  across  the  col  which  was  the  outlet  of  the  Butternut 
Glacial  lake.  From  Apulia  to  Janiesville  the  road  Ifes  high 
on  the  west  side  of  the  Butternut  valley  and  commands  a 
fine  view  of  the  valley  features.  For  three  miles  north  of 
Apulia  the  valley  is  partly  filled  with  moraine  drift.  Oppo- 
site Onativia  broad  delta  terraces  are  seen  on  the  east  side, 
which   correlate  with   the  Tullv   outlet.     Moraine   drift   is 
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conspicuous,  either  in  the  valley  bottom  or  banked  against 
the  walls.     (The  Tully  sheet  covers  all  this  area.) 

Between  Jamesville  and  Syracuse  the  road  passes 
through  the  grandest  of  the  ancient  river  channels,  the 
"Railroad"  channel,  which  is  a  fourth  of  a  mile  wide  and 
150  feet  deep,  mostly  in  Onondaga  limestone.  (Syracuse 
sheet.) 

Approaching  Syracuse  from  the  North  — The  two  branches 
of  the  Rome,  Watertown  and  Ogdensburg  railroad,  and  the 
Oswego  division  of  the  Delaware,  Lackawanna  and  Western 
railroad  leading  into  Syracuse  from  the  north,  all  lie  on  the 
Iroquois  lake-bottom  but  encounter  few  striking  features, 
though  all  the  ordinary  forms  of  drift  appear.  At  the  junc- 
tion of  the  two  branches  of  the  Rome,  Watertown  and 
Ogdensburg  at  Woodward,  the  railroad  cuts  across  a  heavy 
ridge  or  bar  of  lake  Iroquois  (Syracuse  sheet).  From 
Adams  Center  south  to  Richland  Junction,  more  than  20 
miles,  the  R.,  W.  &  O.  lies  on  the  west  (lakeward)  side  of 
the  heavy  Iroquois  beach,  carrying  a  ''ridge  road.'*  (Pu- 
laski, Sacketts  Harbor  and  Watertown  sheets.) 

Approaching:^  Syracuse  Jrom  the  icest  by  the  Auburn 
branch  of  the  Ne70  Yot k  Central  rtiilroad — At  Victor  this 
line  is  in  a  great  channel  of  Glacial  flow,  which  it  again  tra- 
verses from  Clifton  Springs  through  Phelps  to  near  Geneva. 
At  Halfway  Station  it  enters  another  striking  channel, 
which  it  follows  through  Camilhis  to  near  Syracuse.  This 
is  on  the  Baldwinsville  sheet. 
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NOyE8  ON  THE  PERMIAN  FORMATIONS  OF   KANSAS. 
By  Chablks  S.  Pbo»bkr,  ColumbuH.  Ohio. 

In  1902  the  writer  reviewed  the  recent  literature  re- 
garding the  correlation  of  the  upper  Paleozoic  of  Kansas 
with  the  Russian  Permian.*  In  this  review  the  writer  in- 
advertently omitted  reference  to  the  papers  of  Dr.  E.  H. 
Sellards  identifying  and  describing  Permian  plants  from 
Kansas,  although  he  was  familiar  with  them.  In  1900  Dr. 
Sellards  reported  the  identification  of  Caliipteris  conferta 
Stcrng.  from  the  Marion  formation  (or  possibly  the  lower 
part  of  the  Wellington  shales)  of  Dickinson  county  in 
eastern  central  Kansas  and   the   geological   importance  of 

this  discovery  was  discussed  as  follows  by  him : 

"The  geological  range  of  CalHpten's  conferta  has  an  interesting 
bearing  on  the  question  of  the  age  of  the  uppermost  Paleozoic 
rocks  of  Kansas.  The  species  is  characteristic  of  the  middle  and 
lower  Rothliegenden  of  Europe,  but  has  not  been  found  above  the 
middle  of  the  Permian.  It  has  also  been  found  in  the  Permo-carbonl- 
•  ferous  of  West  Virginia.  The  occurrence  of  this  species  near  the 
top  of  the  Kansas  strata  [in  Dickinson  county  only  the  Big  Blue 
series  or  lower  Permian  occurs;  the  Cimarron  series  or  upper  Per- 
mian is  found  farther  south]  together  with  Sphenophyllum,  a  genus 
that  has  not  been  discovered  above  the  middle  of  the  Permian, 
makes  it  improbable  that  the  Kansas  beds  are  younger  thaa  middle 
Permian.  While,  on  the  other  hand,  the  presence  of  Caliipteris,  a 
Permian  genus,  and  the  number  and  variety  of  plants  belonging  to 
the  Taeniopteroid  group,  as  well  as  the  general  character  of  the 
flora,  tends  to  confirm  the  Permian  age  of  the  Kansas  Upper  Pale- 
ozoic."t 

In  1900  fossil  plants  were  found  in  the  Smoky  Hill 
river  valley  just  east  of  Salina  in  Saline  county,  which  ad- 
joins Dickinson  county  on  the  west,  in  rocks  of  about  the 
same  a^i^e  as  those  of  the  former  locality.  In  commenting 
upon  the  plants  from  both  of  these  localities  Dr.  Sellards 

said : 

"There  are,  in  the  collections  so  far  made,  some  twenty-six  or 
twenty-seven  determinable  species,  distributed  in  fourteen  genera. 
The  plants  indicate  unmistakably  the  true  Permian  age  of  the 
formation  in  which  they  are  found.  Many  of  the  species  are  charac- 
teristically Permian,  and  only  a  very  small  proportion  of  the  species 
Identical  with  Upper  Carboniferous  species."* 

*  Jour.    rH>ol.,    vol.    X.    pp.    721-737. 

t  null,    rnlv.    Kjiri.sjas.    vol.    i.    No.    2    ^Kan.    Univ.    Quarterly,    vol.    Ix, 
No.    1),    p.    64. 

*  Trans.    Kansa.**   Acad.    Sri.,    vol.    xvil.   1901,   p.    209. 
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Part  of  this  flora  has  been  described  by  Dr.  Sellardst 
and  in  the  second  paper  he  identifies  and  describes  Taniop- 
teris  coriacea    Goep.  which  he  states : 

"Seems  to  have  been  found  as  yet  in  only  two  other  localities^ 
both  Permian,  Ottendorf  in  Bohemia,  and  Lissitz  in  Moravia/'t 

In  1903  Dr.  Keyes  published  a  paper  entitled  "Some 
recent  aspects  of  the  Permian  question  in  America,"t  in 
which  he  objected  to  certain  statements  in  my  article  of  the 
previous  year.  His  principal  objection,  apparently,  was  that 
in  giving  the  "Classification  of  the  upper  Paleozoic  forma-^ 
tions  of  Kansas"  the  writer  used  Cragin's  name  of  Big  Blue 
instead  of  Keyes'  term  Oklahoman  for  the  lower  series  of 
the  Permian  and  stated  that  in  Kansas  they  were  identical. 
The  following  brief  history  of  these  two  terms  will  furnish 
a  basis  for  judging  whether  it  was  a  fair  statement  or  not. 
The  term  "Big  Blue  series"  was  proposed  by  professor 
Cragin  in  March,  1896,  for  the  lower  Kansas  Permian  forma- 

tions*  which  he  listed  as  follows: 
Wellington  shales. 
Gcuda  salt-measures  [which  later  he  withdrew  in  favor  of 

the  name  Marion  formation]* 
Chase  limestones. 
Neosho  shales.t 
Professor  Cragin  stated  that 

*'It  may  be  called  the  Big  Blue  series,  from  the  Big  Blue  river, 
which  in  northern  Kansas  crosses  the  somewhat  narrowed  northern 
extension  of  its  area  of  outcrop."t 

The  upper  Permian  formations,  popularly  termed  the 
Red  Beds,  were  named  the  Cimarron  series  by  professor 
Cragin  in  the  same  article. 5 

In  July,  1896.  Dr.  Keyes  proposed  "to  recognize  in  the 
'upper'  Carboniferous  of  the  western  interior  province  three 
series  having  equal  taxonomic  rank,"  the  upper  two  of 
which  in  ascending  order  were  named  the  Missourian  and 
Oklahoman.*     The  top  of  the  Cottonwood  limestone  was 


t  Bull.  I'nlv.  Kansas,  vol.  I.  No.  4  (Kan.  I'niv.  Quarterly,  vol.  ix. 
No.  3).  1900,  p.  179  anrl  ibid.  vol.  il,  No.  1,  (Kan.  Univ.  Quart.,  vol.  x,. 
Xo.   1>.   1901,   p.   1. 

•  Loc.  cit.,  p    3. 

t  Am.  Geol.,  vol.  xxxii.  p.  21S. 

t  Col.   Coll.   Studies,    vol.   vi,   March   27.   pp.  3,  5,   6. 

•  Am.    (5eol..    vol.    xviii.    Au«r..    l.s!»«     p.    ^2. 
+  Col.    Coll.    Studies,    vol.    vi,    p.    3. 

X  /bid.,  p.  6. 

S  Loc.  cit..  i>p.  3.  18.  48:  see  addiUoilal  account  in  Am.  Geol.,  vol. 
xix.    May.    1897.    pp.   351-3C4. 

•  Am.   Geo!.,   vol.    xvlli,  p.  25. 
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jj^iven  as  the  upper  limit  of  the  Missourian  series  and  in  de- 
fining the  series  it  was  stated  that 

"In  suggesting  the  name  Oklahoman  as  a  serial  geological  term 
it  is  intended  to  apply,  to  all  those  rocks  of  Carboniferous  age  which 
occur  north  of  the  Canadian  river  in  Oklahoma  and  which  lie  be- 
tween the  interval  of  the  top  of  the  Missourian  series  and  the  base 
'Of  the  Cretaceous.  It  may  be  regarded  as  essentially  covering  the 
same  succession  of  strata  that  has  long  been  vaguely  known  under 
the  title  of  Termian.*  The  name  is  derived  from  the  territory  In 
which  the  formation  has  its  best  development  and  in  which  the 
most  complete  sequence  is  represented.  The  best  sections  across 
the  belt  appear  to  be  exhibited  along  the  Cimarron,  Arkansas  and 
Kansas  rivers,  and  these  sections  may  be  considered  typical."* 

In  October,  1901,  Dr.  Keyes  accepted  the  name  Cimar- 
ron series  for  the  Red  Bedst  and  gave  the  upper  three  series 
of  the  Carboniferous  in  ascending  order  as  the  Missourian, 
Oklahoman  and  Cimarron^  stating  their  respective  strati- 
graphic  vahies  as  4,  2  and  i.5 

The  following  month  Dr.  Keyes  published  a  "General 

Geological  Section  of  the  Carboniferous  of  the  Mississippi 

Valley,'*  in  whi.ch  a  complete  list  of  the  series  and  terranes 

of  the  system  is  given.     For  the  portion  under  consideration 

it  is  as  follows : 

Series.  Terranes. 


Carboniferous 
system. 

[Upper 

portion] 


Cimarron 


< 


Oklahoman. 


{ 

f 
\ 


Missourian 
[Upper  part] 


Kiger  shales. 
Salt  Fork  shales. 

Wellington  shales. 
Marion  limestone. 
Chase  limestone. 
Neosho  shales. 

Cottonwood  limestone. 
Atchison  shales. 
[Wabaunsee  of  Prosser]* 


It  will  be  seen  from  the  above  quotation  that  the  ter- 
ranes listed  by  Dr.  Keyes  as  composing  the  Oklahoman 
series  are  entirely  Kansas  formations  and  precisely  the  same 
as  those  j^iven  by  professor  Cragin  for  the  Big  Blue  series. 
It  was  this  agreement  which  led  the  writer  in  his  "Classifi- 


*/<>»</..     p.    27. 

t  Am.    Jour.    Sn..   4th   ser.,    vol.    xii,   p.   3(>9. 

t  ft>id.,    pp.    .T06,    im. 

5  Ibid.,    p.    3(f). 

>  Am.   Gvol.    vol.    xxvlil,   Nov.,   1901,  p.  302. 
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cation   of  the  upper   Paleozoic   formations  of   Kansas"   to- 
state  that 

*'It  will  be  seen  that  the  Oklahoman  series,  as  precisely  de- 
fined above,  is  identified  with  the  Big  Blue  series  proposed  by  Dr. 
Cragin  in  189G.  and  therefore  his  name,  which  has  priority,  is 
adopted  for  this  classiflcation/'t 

Dr.  Keyes  in  discussing  my  paper  has  objected  to  the 
above  interpretation  and  made  certain  statements  regard- 
ing the  limits  of  the  Oklahoman  series.  He  says:  **When 
the  title  Oklahoman  was  first  proposed  for  the  uppermost 
series  of  the  Carboniferous  its  upper  limits  were  not  very 
definitely  fixed — further  than  it  was  stated  that  in  a  general 
way  the  terrane  corresponded  to  what  had  previously  been 
called  Permian.  At  that  time  the  Red  Beds  were  regarded 
as  post-Carboniferous  in  age."^ 

The  original  statement  of  Dr.  Keyes  in  1896,  when  he 

first  defined  the  Oklahoman  series  is  as  follows : 

"In  suggesting  the  name  Oklahoman  as  a  serial  geological-  term 
it  is  intended  to  apply  to  all  those  rocks  of  Carboniferous  age  which 
occur  north  of  the  Canadian  river  in  Oklahoma  and  which  lie  be- 
tween  the  interval  of  the  top  of  the  Mis'sourian  series  and  the  base 
of  the  Cretaceous.  ♦  ♦  ♦  Although  there  has  been  little  de- 
tailed study  in  the  region  regarding  the  relations  of  the  series  under 
consideration  and  the  Cretaceous  above,  it  is  well  known  that  the 
latter  rests  in  marked  unconformity  upon  all  four  series  of  the 
Carboniferous  and  at  the  north  extends  over  still  older  formations."* 

The  writer  has  given  a  fairly  complete  historical  review 
of  the  correlation  of  the  Red  Beds  or  Cimarron  series  of 
Kansas^  and  the  following  brief  statement  of  the  most  im- 
portant changes  in  their  correlation  will  be  of  interest  in 
connection  with  the  above  quotation.  In  early  papers  the 
Red  Beds  were  frequently  called  Cretaceous  and  correlated 
with  the  Dakota  sandstone.  In  1887  professor  St.  John 
referred  them  with  a  query  to  the  Triassic  system.*  For 
several  years  subseciucnt  to  this  report  the  age  of  the  Red 
Beds  was  generally  given  as  either  Triassic  or  Jura-Trias. 
In  1893,  however,  professor  Hay  changed  his  correlation  of 
the  Red  Beds  of  Kansas  to  the  Upper  Permian  on  account 
of  the  discovery  of  Permian  fossils  in  Texas  in  beds  which 
he  considered  as  of  similar  age.* 

t  Jour.    Geol..    vol.    x.    1!»<C.    chart  opposite   p.   718. 

t  Am.    Ceol..    vol,    xxxii.    Oct..    1903,    p.    219. 

•  Am.   Oeol..  vol.  xvlil.   p.  27. 

f  Univ.   Geol.   Surv.    Kannap.  vol.   II,  1897,  pp.   75-88. 

1  Fifth  Bien.  Rept.  Kansas  State  B')ard  Agr..  pt.  ii,  pp.  140,  HI. 

•Eighth    ifiid ,    pt.    Ii.    pp.    101,    108. 
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In  March,  1896,  professor  Cragin  named  the  Red  Beds 
of  Kansas,  the  Cimarron  series,  published  a  detailed  account 
of  it,  which  he  unhesitatingly  referred  to  the  Permian  sys- 
tem, and  subdivided  it  into  ten  formations.^  It  will  thus  be 
seen  that  for  some  years  previous  to  the  proposal  of  the 
Oklahoman  series  by  Dr.  Keyes  in  July,  1896,  the  Red  Beds 
of  Kansas  had  generally  been  considered  by  geologists  as 
belonging  in  the  Jura-Trias,  the  Triassic  or  the  Permian. 
It  is  also  evident  from  Dr.  Keyes'  original  definition  of 
Oklahoman  that  for  part  of  the  territory  he  had  in  mind 
for  its  upper  limit  the  base  of  the  true  Cretaceous,  so  that  it 
was  an  open  question  whether  he  intended  or  not  to  include 
in  it  the  Red  Beds.  It  is  interesting  to  note  in  this  connec- 
tion that  in  November,  1904,  in  a  "Generalized  geological 
section  for  New  Mexico"  Dr.  Keyes  gave  the  age  of  the 
""Cimarron  formation"  as  Triassic*  although  Dr.  Beede  more 
than  three  years  before  had  shown  conclusively  from  fossils 
that  in  its  typical  area  the  greater  part  of  the  Cimarron 
series  is  of  Paleozoic  age.+ 

Dr.  Keyes  in  his  paper  of  1903  indicates  the  limits  of 

the  Oklahoman  series  in  the  following  manner: 

"As  it  now  appears,  even  according  to  professor  Prosser's'  pub- 
lished data,  the  Oklahoman  in  central  Kansas  includes  at  the  base 
■at  least  one  important  formation  more  than  the  Big  Blue  series; 
and  at  the  top  at  least  one  formation  less.  The  Oklahoman  series 
in  Kansas  is  delimited  above  by  the  top  of  the  Marion  limestones. 
In  my  various  papers,  with  one  exception  due  to  a  typographical 
error  arising  from  inability  to  see  the  proof  sheets  of  the  article, 
this  fact  is  clearly  indicated.  This  is  particularly  emphasized  in 
the  memoir  frequently  quoted  by  professor  Prosser,  on  the  detailed 
comparison  of  the  Upper  Carboniferous  of  Kansas  with  the  Russian 
Permian."* 

It  has  alreadv  been  shown  that  the  basal  formation  of 

the  Oklahoman  series  as  defined  by  Dr.  Keyes  is  the  Xeosho 

shale,'  which  is  also  the  lowest  formation  of  the  Big  Blue 

series  as  defined  by  Dr.  Cragin.^     It  is,  therefore,  clear  that 

the  basal  limit  of  the  Oklahoman  and  Big  Blue  series  as  de- 


April.  r.»<»2.  pp.  1-11, 
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fined  by  their  respective  authors  is  the  same.  This  is  not 
changed  by  the  fact  that  in  my  paper  of  1902  the  Neosho 
shales  were  made  the  upper  division  of  the  Missourian 
rather  than  the  lower  division  of  the  Big  Blue  series. 

Dr.  Keyes  in  1903  clearly  states  that  the  top  of  the  Ok- 
lahoman  series  is  marked  by  the  top  of  the  Marion  lime- 
stones and  apparently  states  that  the  inclusion  of  the  Well- 
ington shales  in  it  in  November,  1901,  was  due  to  a  typo- 
graphical error.fi  The  paper  just  cited  gave  no  evidence  of 
such  error  and  at  the  time  of  the  publication  of  my  classifi- 
cation in  1902  Dr.  Keyes  had  made  no  statement  which 
clearly  indicated  such  error.  The  paper  cited  as  the  one 
in  which  Dr.  Keyes  "particularly  emphasized"  this  line  is 
apparently  the  one  on  the  "American  homotaxial  equiva- 
lents of  the  original  Permian."*  In  this  article  there  are 
two  portions  which  bear  upon  the  point  in  question.  First, 
Dr.  Keyes  gave  a  table  entitled  "Comparison  of*  general 
sections"  in  Russia  and  the  Mississippi  valley  which  is  as 
follows  for  the  upper  Paleozoic  rocks: 


Russia.            ■       Character  of  Tbrranbs. 

Mississippi  Vallby, 

Tartaran, 
Permo-Trias,  or 
Upper  Permian, 
V* 

Shales  and  marls,  red  and  va- 
riegated,   shaly     sandstones; 
fossils  rare;  "Red  Beds." 

Cimarron   Series. 

Middle 
Permian,  P= 

Lower 

Permian    pl— b.. 

Upper  Permo- 
€arboniferou8 
(base  of  original 
Permian)  C  Pc. 

Limestones,    some    dolomltic, 
separated  by  calcareous  marl 

Shales  (only  200  feet  thick  in 
Kama  Valley.) 

Limestone,    heavy    dolomitic. 

(Marion  li.) 

• 

(Chase  li.) 

> 

m 

m 

Artinsk,  C  P 

'  (Neosho)             )  QQ 
Shales,  sandstones,  some  thin  1  (Cottonwood)     '  ^ 

limestones.                                    1  (Wabaunsee)         S 

1                               ^ 

Upper  Carboni- 
ferous, C 

Limestones  and  shales,  highly 
fossiliferous. 

Missourian   Series. 

5  Am.   Geol.,   vol.   xxviii,   p.   3<)2. 

•Jour.    Geol..    vol.    vli.    1899,    pp.   321-342. 

•  Uid.,  p.    332. 
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The  second   paragraph   of  this  division   of  the   paper 

treating  of  the  classification  of  this  part  of  the  rocks  is  as 

follows : 

"The  uppermost  division  of  the  Paleozoic  of  the  region,  the 
part  widely  designated  as  the  'Red  Beds,'  has  received  the  title  of 
Cimarron  series.  It  appears  to  form  a  tolerably  compact  sequence, 
though  there  is  still  some  dispute  as  to  its  exact  geological  age. 

* 

Between  the  Cimarron  series  and  the  Missourian  series  are  two 
other  terranes  that  are  well  defined.  One  is  composed  of  the  Chaae 
and  Marion  of  Prosser,  in  part,  and  the  other  of  the  Wabaunsee,  Cot- 
tonwood, and  Neosho."* 

It  will  be  seen  from  the  above  quotations  that  it  is  not 
definitely  stated  that  the  Wellington  shales  are  put  in  the 
Cimarron  series.  Again,  the  name  Okiahoman  series  does 
not  appear  in  the  paper;  the  top  of  the  Missourian  series 
is  drawn  from  500  to  550  feet  lower  than  in  his  former 
papers  and  the  rocks  between  the  Missourian,  as  there  lim- 
ited, and  Cimarron  series  are  divided  into  two  series  which 
are  not  named  and  clearly  neither  one  nor  both  together 
agreed  with  the  Okiahoman  series  as  previously  defined. 
The  writer  attempted  to  represent  the  views  of  Dr.  Keyes 
fairly  and,  if  he  failed,  it  appears  to  him  that  it  was  partly 
due  to  the  lack  of  clearness  in  the  statements  made  by  Dr. 
Keves. 

The  writer,  however,  objects  to  the  last  paragraph  of 
Dr.  Keyes'  paper  which  is  not  a  fair  statement.  It  is  as  fol- 
lows : 

"A  singular  argument  does  professor  Prosser  use  to  retain  the 
title  of  Permian  as  the  name  of  a  system  and  period.  He  refers  to 
half  a  dozen  Russian  writers  who  have  used  the  title  in  this  sense. 
No  allusion  whatever  is  made  to  a  much  larger  number  of  Russian 
geologists  who  are  equally  distinguished  and  who  all  have  worked 
extensively  in  the  typical  regions,  but  who  hold  very  different 
views.  This  method  of  presentation  is  hardly  the  scientific 
method."* 

As  a  matter  of  fact  the  writer  took  the  later  official  re- 
ports of  the  Russian  survey^  so  far  as  he  was  able  to  obtain 
them,  and  gave  a  very  condensed  but  impartial  statement 
regarding  the  classification  of  the  rocks  under  consideration. 

*  /,of.     cit  .    I).    'X^\. 

*  Am.    Geol..    vol.    xxxli,    p.    223. 

t  In  (►btalning  references  to  various  articles  In  the  Mftnoires  du 
Comitf  gvologit/ue  tie  Saint- Petersbourg  deHrribinp  the  upper  Paleozoic 
the  writer  availed  himself  of  the  copious  foot  notes  in  volume  11  of  Suess* 
"La  face  de  la  terre.  "  Margerle's  translation.  llfUO.  and  references  in 
Freeh's     "Lethsea   palaeozoiea/* 
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There  was  no  change,  selection  or  elimination  and  if  it 
favored  the  views  which  the  writer  expressed,  such  w^s  the 
concensus  of  the  evidence  before  him.  At  that  time,  how- 
ever, the  writer  inadvertently  overlooked  the  following 
statement  of  Nikitin,  the  well-known  Russian  authority  on 
the  Carboniferous:  >  Finally  the  Americans,  as  is  known, 
generally  refer,  contrary  to  European  geologists,  the  so- 
called  Permo-Carboniferous  of  Mr.  Meek  to  the  Carboni- 
ferous system.* 

Regarding  the  correlation  with  and  retention  of  the 
name  Permian  for  the  upper  American  Paleozoic  deposits 

the  writer  in  1902  made  the  following  statement: 

'*The  number  of  American  geologists  who  believe  that  these 
Upper  Paleozoic  formations  should  be  correlated  with  the  Permian 
and  given  the  rank  of  a  period  or  system  is  probably  still  smaller 
than  the  number  of  those  who  would  retain  the  name  Permian  but 
classify  it  as  the  upper  series  of  the  Carboniferous.  *  ♦  ♦  It 
has  appeared  to  me,  however,  that  the  weight  of  evidence  favored 
correlating  the  upper  formations  with  the  Permian."t 

Since  the  publication  of  the  above  paper  additional  evi- 
dence favoring  the  correlation  of  the  upper  Paleozoic  de- 
posits of  Kansas  with  the  Permian  has  been  received.  The 
following  brief  summary  will  give  an  idea  of  its  nature: 

In  January,  1903,  Dr.  Sellards  wrote  me  as  follows: 
"The  fossil  plants  in  my  opinion  support  your  belief  in  the  ex- 
istence of  true  Permian  in  Kansas  (below  the  Red  Beds).  The 
flora  of  the  Marion  (or  Wellington)  differs  specifically  almost  in 
toto  from  that  of  formations  as  low  down  as  the  Lawrence  shales 
[which  occur  near  the  middle  of  the  Mlssourlan  series  of  Dr.  Keyes 
and  form  the  lower  member  of  professor  Haworth's  Douglas 
formation]  and  Indicates  as  I  have  already  stated  (Kan.  Acad.  Sci., 
1900;  Kan.  Univ.  Bull.,  vol.  9.  Jan.,  1900)  a  lower  Permian  age. 
The  plants  in  this  case  are  pretty  conclusive  and  the  genera  and 
species  are  identical  with  or  most  closely  related  to  those  of  the 
lower  Permian  of  Europe."* 

Dr.  Sellards  has  also  found  insects  exceptionally  well 

preserved  in  the  Marion  formation  in  the  southern  part  of 

Dickinson  county.     He  also  states  that 

"A  considerable  number  of  Insects  had  been  previously  obtained 
from  the  Coal  Measures  near  Lawrence,  Kansas" 

and  he  contrasts  these  two  insect  faunas  as  follows: 

•  M6m.  Comity  G^ologlque.  vol.  v,  No.  5,  1890,  p.  152. 
t  Jour.    Geol..   vol.    x,   p.    728. 

•  Letter   of  Jan.    12,   1903. 
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"The  insects  from  the  Marion  seem  on  the  whole  very  different 
from  those  of  the  Lawrence  shales  and  other  Coal  Measure  de- 
posits. The  Coal  Measure  insects,  as  far  as  known,  are  on  the 
average  large;  on  the  contrary,  most  of  the  Marion  species  are 
small.  Cockroaches  at  this  new  locality  are  much  in  the  minority. 
Of  some  six  hundred  specimens  collected,  not  more  than  about 
sixteen  are  cockroaches  and  these  are  of  small  size  and  belong  for 
the  most  part  to  the  Coal  Measure  and  Permian  genus,  Btoblattina 
Fossil  plants  were  discovered  in  the  Marion  in  1899.  The  collec- 
tions made  from  the  Marion  and  Wellington  (?)  during  1899-1900 
seemed  to  the  writer  at  that  time  to  indicate  a  lower  Permian 
flora.  These  collections  have  since  been  increased,  and  it  may 
now  be  said  with  a  good  deal  of  confidence  that,  although  a  few 
species  have  survived  from  the  Upper  Coal  Measures,  the  Marion 
contains  on  the  whole  a  distinctly  Permian  flora.  The  marked 
change  in  the  insect  fauna  in  passing  from  the  Lawrence  shales 
to  the  Marion  formation  is  therefore  paralleled  by  the  plant  evolu- 
tion."! 

The  evidence  furnished  by  fossil  plants  regarding  the 

correlation  of  the  upper  Paleozoic  formations  of  Kansas  has 
been  reviewed  by  Dr.  David  White.  His  conclusions  con- 
cerning two  of  these  floras  are  important  in  reference  to  the 
identification  of  the  Permian.  The  lower  of  these  floras  is 
from  the  Elmdale  formation  (which  in  the  writer's  classi- 
fication is  put  in  the  Wabaunsee  stage  of  the  Missourian 
series,  beginning  about  200  feet  below  its  top)  at  Onaga,  in 
the  northeastern  part  of  Pottawatomie  county  and  part  of 

its  analysis  bv  Dr.  White  follows: 

"No  species  in  any  way  characteristic  of  the  T-ower  Coal 
Measures  or  the  Allegheny  formation  remains.  On  the  other  hand, 
the  ferns,  either  as  individual  species  or  as  phases  of  species  hav- 
ing wide  range,  are  clearly  indicative  of  a  stage  at  least  very  high 
in  the  Upper  Carboniferous  (Pennsylvanian).  Nearly  all  the 
species  have  been  reported  from  either  the  Permian  of  Europe  or 
the  Dunkard  formation  of  the  United  States,  though,  with  the  pos- 
sible exception  of  Pecoptcris  Xewherrinna,  none  are  distinctly  char- 
acteristic of  the  Permian.  Most  of  the  forms  present  occur  in 
the  Dunkard  formation,  whose  flora  was  fully  treated  by  professors 
Fontaine  and  1.  C.  White.     *     *     ♦ 

**The  evidence  presented  by  this  small  Onaga  flora  may.  there- 
fore, be  construed,  so  far  as  it  rei)rL'sems  the  plants  of  its  hori- 
zon, as  indicating  a  stage  probably  within  the  Monongahela  forma- 
tion of  the  Appalachian  region,  or  possibly  as  high  as  the  lowest 
part  of  the  Dunkard  formation,  although,  with  the  exception  of 
Pecoptcris   Ncwberriana,     the   collection   in    hand    does   not    contain 


+  Am.   Jour.   Sci.,   4th    ser.,    vol.    xvi.   OcIoImm-.    VM\[],   pp.   32:^.   324. 
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any  species  characteristic  of  the  Permian  of  the  old  World,  and 
does  not  signify  a  Permian  age  for  the  Onaga  (Elmdale)  beds.'** 

The  importance  of  the  above  reference  to  the  Dunkard 

formation  will  be  appreciated  when  it  is  recalled  that  in  1880 

professors  William  M.  Fontaine  and  I.  C.  White  described 

the  flora  of  the  Upper  Barren  Coal  Measures  (now  called 

the  Dunkard  formation)  of  West  Virginia  and  southwestern 

Pennsylvania  and  in  conclusion  stated  that: 

"To  sum  up  finally  the  evidence  derived  from  all  souraes,  we 
find  ourselves  irresistibly  impelled  to  the  conclusion,  that  the  ♦  ♦  • 
Upper  Darrens  of  the  Appalachian  Coal  Fields  are  of  Permian 
age/'t 

The  fauna  of  the  Dunkard  formation  is  verv  small  and 
does  not  afford  conclusive  evidence  as  to  its  age  but  the 
flora  has  been  rccentlv  re-examined  bv  Dr.  David  White 
who  corroborates  the  earlier  conclusions  of  Fontaine  and 
I.  C.  White.  In  the  lower  part  of  the  Dunkard  formation 
is  the  lower  Washington  limestone,  which  at  the  typical 
locality  at  Washington  in  southwestern  Pennsylvania  occurs 
117  feet  above  the  top  of  the  Waynesburg  coal  or  base  of 
the  Dunkard.  Dr.  David  White  draws  the  following  con- 
clusions regarding  the  age  of  the  Dunkard  formation : 

"It  appears  that  the  beds  below  the  Lower  Washington  lime- 
stone can  not  yet  be  regarded  as  conclusively  referable  to  the  Roth- 
liegende,  though  they  contain  a  flora  which  is  certainly  transitional. 
The  re-enforcement  of  this  flora  at  the  levels  of  the  Washington  and 
Dunkard  coals  by  the  more  important  and  distinctly  characteristic 
Rothliegende  species  *  *  ♦  seems  to  fully  justify  the  reference 
of  the  latter  to  the  Rothliegende.  the  lower  boundary  of  which 
may  probably  be  drawn  as  low  as  the  Washington  limestone,  which 
is  as  yet  the  lowest  observed  Callipteris  horizon.  Further  search 
in  the  floras  of  the  lower  bods  of  the  Uunkard  and  in  the  Monon- 
gahela  is  necessary  before  the  upper  boundary  of  the  Coal  Meas- 
ures can  be  definitely  ascertained.  The  flora  of  the  upper  por- 
tion of  the  Dunkard  is  to  be  compared  with  those  of  the  Stockheim 
and  Ciisel  beds  in  (iermauy  and  of  the  series  in  the  basin  of  the 
Brives  in  France.  *  *  ♦  The  reference  of  the  gri»ater  part  of 
the  Dunkard  to  the  Lowrr  Rothliegende  appears  to' be  well  founded; 
but  it  seems  to  the  writer  as  probable  that  the  plants  of  the  Upper 
Dunkard  or  of  the  lowest  of  the  t*'rranes  of  western  Europe  that 
are  now  generally  classed  as  Rothliegende  are  hardly  of  so  late  a 
date  as  the  flora  of  tht»  Artinsk  stag(?  of  Russia."* 

•  I',  a.  c;.'*.i.  snrv..  p.iiii.  x«..  211.  Nov..  VM\,  w.  iir)-ii<;. 

+  S<-cnn<l    (^-iil.    Snrv.    Vn..    TP..    p.    11!). 

•  Hull.    (U-nl.   Soc.    Amrr..    vol.    14.    March.    IJKM.   pp.   511.   512. 
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The  Rothliegende  is  the  older  division  of  the  Permian 
of  western  Europe,  which  is  found  typically  in  Germany. 
The  Artinsk  stage  in  Russia  is  referred  by  the  eminent  Rus- 
sian geologist  Dr.  Tschernyschew  to  the  Permo-Carboni- 
ferous;  but  by  Dr.  Freeh  and  many  other  European  geolo- 
gists it  is  considered  as  lower  Permian.  A  number  of 
European  geologists  have  accepted  Permian  as  the  age  of 
the  Dunkard  formation  and  Dr.  Freeh  states  that  the  Dun- 
kard  creek  beds  and  Cassville  plant  shale,  the  latter  of 
which  is  the  shale  at  the  base  of  the  Dunkard  formation  im- 
mediately overlying  the  Waynesburg  coal,  are  the  equiva- 
lent of  the  Cusel  stage,  which  is  the  oldest  division  of  the 
Lower  Rothliegende  of  Germany.  And  in  another  sentence 
is  the  statement  that  the  petrographical  and  paleontological 
similarity  of  the  Dunkard  with  the  Rothliegende  of  western 
Europe  is  therefore  beyond  doubt.*  Dr.  Kayser  also  puts 
the  Dunkard  in  the  Permian  and  he  has  made  the  following 

statement  concerning  its  age : 

In  the  United  States  we  find  in  the  east  (Virginia,  Pennsyl- 
vania, etc.)  in  conformable  layers  upon  the  Upper  Carboniferous  the 
so-called  Barren  Measures  with  Callipteris  conferta,  Taeniopteris 
and  other  Permian  characteristic  forms  together  with  typical  Car- 
boniferous plants  as  representative  of  the  Permian.* 

The  youngest  of  the  Kansas  floras  discussed  by   Dr. 

David  White  is  that  from  Dickinson  county  which  he  states 

Dr.  Sellards  gives 

"As  coming  either  from  the  topmost  beds  of  the  Marion  forma- 
tion or  possibly  from  the  base  of  the  Wellington  formation." 

Dr.  White's  conclusions  are  as  follows: 

"I  have  not  had  an  opportunity  to  examine  the  remaining  ma- 
terial at  the  State  Univeisity  [of  Kansas],  but  if  the  composition  of 
the  entire  flora  proves  to  be  of  so  young  a  character  as  the  material 
described  or  placed  in  my  hands  by  Mr.  Sellards,  his  conclusion 
that  the  beds  are  of  so  late  date  as  the  Lower  Permian  will  appear 
to  be  fully  justified.  I  am  not  informed  whether  any  of  the  gym- 
nospermic  species  so  important  in,  and  so  typically  characteristic 
of,  the  Permian  of  Europe  or  Prince  Edward  island  are  present 
m  Kansas.  However,  such  pteridophytic  material  as  has  come  to 
me  for  examination  is  more  nearly  typical  and  characteristic  of  the 
Permian  than  any  flora  that  I  have  yet  seen  from  another  forma- 
tion in  the  United  States. 


t  Lethnoa    geognostica,    Th.    i,    Lethaea    palaeozolca.    Bd.    2.    I*ief.    8, 
1901.    p.    546. 

•  I>?hrbuch  d.  geol.  Formatlonskunde,  2d  ed..  1902,  p.  264. 
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If  the  plants  preliminarily  listed  above  are  representative  of 
the  plant  life  of  the  Upper  Marion  or  the  Wellington  formation,  the 
flora  of  these  beds  is  probably  of  a  date  fully  as  late  as  the  earlier 
of  the  floras  generally  referred  to  the  Permian  in  western  Europe. 
In  any  event  a  flora  containing  these  species  can  hardly  be  older 
than  the  topmost  Carboniferous,  or  transitional  from  the  Upper 
Carboniferous  to  the  Permian."* 

The  last  published  paper  of  the  late  Dr.  Charles  E. 
Beecher  entitled  a  "Note  on  a  New  Permian  Xiphosuran 
from  Kansas"  appeared  in  July,  1904,  the  horizon  of  which 
was  given  as  the  Fort  Riley  limestone  (which  occurs  in  the 
upper  half  of  the  Chase  stage)  and  was  unhesitatingly  cor- 
related with  the  lower  Permian.t 

In  1902  the  writer  stated: 

"It  is  probable,  however,  that  the  U.  S.  Geological  Survey  will 
retain  the  name  Permian,  but  will  classify  it  as  the  last  series  of 
the  Carboniferous  system." 

This  is  now  the  official  position  of  the  U.  S.  Geological 
Survey.  The  rules  of  the  survey  relating  to  "Nomencla- 
ture and  Classification  for  the  Geologic  Atlas  of  the  United 
States"  were  revised  during  1902  and  1903  and  under  the 
subheading  of  "Correlation  and  grouping  of  sedimentary 
formations"  Rule  No.  22  states  that : 

"The  following  series  are  now  recognized  as  applicable  to  North 
America;  ♦  *  ♦  in  the  Carboniferous,  Permian,  Pennsylvanian, 
and  Mississlpplan."* 

In  numerous  recent  official  reports  and  papers  of  the 
U.  S.  Geological  Survey  the  upper  Paleozoic  deposits  of  the 
Great  Plains  are  described  under  the  name  of  the  Permian 
series  of  the  Carboniferous  system  or  period.  In  fact  it 
now  apparently  regards  the  Waynesburg  sandstone  at  the 
base  of  the  Dunkard  formation  as  of  Permian  age,  since 
it  is  so  given  without  question  by  Mr.  Marius  R.  Campbell 
in  the  "Columnar  Section"  of  the  Latrobe  Folio.*  It  is  also 
important  to  note  that  in  nearly  all  the  recent  official  state 
and  territorial  reports,  the  formations  of  the  general  age  of 
those  under  discussion  are  described  under  the  name  of 
Permian  and  classified  either  as  the  youngest  series  of  the 
Carboniferous  system  or  the  last  system  of  the  Paleozoic. 


•  U.   8.  Geol.   Surv'..   Bull.   No.  211,  p.  117. 
t  Am,  Jour.  Scl.,  4th  ser.,  vol.  xviii,  p.  24. 
t  Jour.   Geo!.,    vol.  x,   p.   728. 

•  Twenly-fourth  An.   Kept.,   Director  U.   S.  Geol.   Surv..   1908.   p.  27. 
•Geol.   Atlas  of   the   U.   8..    Folio   No.   110,   1904. 
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This  certainly  indicates  a  marked  change  in  the  opinions 
of  American  geologists  concerning  the  age  of  these  deposits 
since  the  publication  of  the  writer's  paper  on  '*The  Classifi- 
cation of  the  Upper  Paleozoic  rocks  of  Central  Kansas"  in 
i895.t 

In  1891  Dr.  Th.  Tschernyschew,  the  able  Director  of  the 
Russian  Comity  G^ologique  and  the  eminent  authority  on 
the  middle  and  upper  Paleozoic  of  Russia,  attended  the 
Washington  meeting  of  the  International  Geological  Con- 
gress and  later  studied  the  upper  Paleozoic  rocks  of  Kansas 
as  exposed  along  the  Kansas  river  from  Manhattan  to  Fort 
Riley.  In  his  monograph  on  "Die  obercarbonischen  Brachi- 
opoden  des  Ural  und  des  Timan'*  he  reviews  the  description 
and  classification  of  the  upper  Paleozoic  formations  of  Kan- 
sas and  correlates  them  with  the  Russian.  Tschernyschew's 
conclusions  concerning  the  correlation  of  the  upper  Pale- 
ozoic deposits  of  Kansas  with  those  of  Russia  are  as  follows : 

I  have  become  personaUy  acquainted  with  the  strata  of  the 
Wabaunsee  and  Cottonwood  during  an  excursion  in  the  state  of 
Kansas,  the  former  in  the  railway  cut  near  the  Manhattan  station: 
the  latter  near  the  same  place  in  Ulrich's  quarry.  Both  I  would 
prefer  to  put  in  line  with  the  Cora  horizon  in  eastern  and  north- 
ern Russia.  The  Neosho  strata,  and  perhaps  also  the  lower  part 
of  the  Chase,  appear  analogous  to  the  Russian  Schwagerina  horizon 
and  the  remainder  of  the  latter,  as  also  the  Marion,  one  must  re- 
gard as  homotaxial  to  the  Russian  Permo-Carboniferous  and  lower 
Permian.  Finally,  the  Wellington  and  Cimarron  necessarily  cor- 
respond to  the  lower  red  colored  Permian  in  eastern  and  northern 
Russia.* 

The  Schwagerina  beds  form  the  upper  division  of  the 
unquestioned  upper  Carboniferous  of  Russia,  while  the  Cora 
beds  form  the  next  older  division  which  is  characterized 
by  the  Brachiopod  shell  named  Productus  corn.  Succeeding 
the  Schwagerina  beds  is  the  Artinsk  stage  of  the  Russian 
Permo-Carboniferous  which  is  classified  bv  Drs.  Freeh  and 
Kayser  and  many  other  European  geologists  as  lower 
Permian.  In  my  "Classification  of  the  Upper  Paleozoic 
formations  of  Kansas"  published  in  1902,  but  a  year  before  a 
copy  of  Dr.  Tscliernyschew's  Memoir  was  received,  the  pro- 
visional line  between  the  Carboniferous  and  Permian  sys- 


i  Jour.    (leol..    vol.    iii.    pp.    6S2-70fi,    and    pp.    7r)4-S01. 

•  M^ni.  Comity  G^olog:iqiie,  vol.  xvl.  No.  2.  1902.  pp.  392.  393.  of  Russian 
text,    and   p.    703   of    German    text. 
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terns  was  drawn  at  the  base  of  the  Wreford  limestone  or 
lowest  formation  of  the  Chase  stage.  It  will  be  seen  that 
this  correlation  agrees  very  closely  with  that  of  Dr.  Tscher- 
nyschew,  since  he  draws  the  homotaxial  line  representing 
the  separation  of  the  Russian  upper  Carboniferous  and 
Permo-Carboniferous  either  at  the  base  or  in  the  lower  part 
of  the  Chase  stage. 

The  following  table  from  Dr.  Tschernyschew's  Memoir 
gives  his  idea  regarding  the  correlation  of  the  Russian  and 
American  formations: 


Ural  and  Timan 
OF  Russia. 

Texas  and 
Arkansas 

Kansas,  Nebraska,  Iowa, 
Missouri 

Artinsk — 
Ablagerungen. . 

Wichita  and 
Clear  Fork  beds. 

Marion    beds. 

Chase  beds. 

Neosho  beds. 

Missourian    series    and    Cot- 
tonwood beds  of  Kansas  and 
Nebraska. 

Wabaunsee  beds,  Oread  lime- 
stone   and    Osage    shales  of 
Kansas.* 

Schwagerinen — 
Horizont 

Albany  and 
Cisco  beds   

Cora — Hori- 
zont  

• 

Canyon  and 
Strawn  beds 

Several  geologists  have  in  a  general  way  correlated  the 
Wichita  division  of  Texas  with  the  lower  Permian  of  Kan- 
sas and  professor  Cummins  has  stated  that: 

"It  is  quite  certain  that  the  Ft.  Riley  horizon  is  the  same  as  the 
Wichita  division  of  Texas,  and  is  at  the  very  top  of  the  division."* 

Dr.  Kayser  puts  the  Wichita  in  the  Permian  and  has 

recently  written  as  follows  concernin'g  its  correlation : 

In  the  southern  and  western  states  (Texas,  Kansas,  Nebraska, 
&c)  occur  directly  above  and  in  intimate  connection  with  the  marine 
Upper  Carboniferous  principally  sandy,  slaty,  chalky  strata,  the  so- 
called  Wichita  beds.  These  contain  in  their  lower  division  numer- 
ous  Theriodonts  (Naosnurus),  Stegocephs  (Eryops,  Cricotus)  anti 
fishes  {Plcuracanthus,  Janassa,  etc.)  recognized  by  Cope  long  since 
as  Permian;  in  the  upper  division  besides  numerous  mostly  Carbon- 
iferous species  (especially  of  the  Brachiopods — Productas,  Margini- 
kra,  Camaropborm,  Spirifera,  etc. — Lamellibranchs,  Gastropods) 
Permian  Ammonites  {Medlicottia,  Popanoccras^  Waagenoccras) . 
Above,  follows  as  representative  of  the  upper  Permian  a  predomi- 

•  fbtd.   p.   305  of   RuHslan   and  706  of  Germiin   text. 

•  Trans.  Texas  Acad.  Science,  vol.  ii.  1S97.  p.  98.  For  a  summary  of 
the  various  opinions  roi^ardinK  the  correlation  of  the  Kansas  and  Texas 
beds  see  Jour.   Geol.,   vol.   x,  1902.   pp.  724-727. 


1 56  The  American  Geologist.  September.  1905 

nant  red  colored  formation  composed  of  sandstones,  clays  and 
shales,  gypsum  and  salt-bearing,  unfossiliferous,  comparable  to  the 
Russian  Tartarian  stage.* 

The  Tartarian  is  the  upper  stage  of  the  Russian  Perm- 
ian and  some  of  the  Russian  geologists  have  considered  it 
as  of  Triassic  age.    Under  the  Carboniferous  system  Dr. 

Kayser  said: 

We  find  in  the  states  of  Kansas,  Nebraska,  Utah,  Arisona, 
Nevada,  etc.  as  in  central  Russia,  an  almost  exclusively  marine, 
chalky  development  of  the  Upper  Carboniferous,  which  gradually 
passes  above  into  the  marine  Permian.t 

Since  the  above  was  written  Dr.  George  H.  Girty  has 
published  a  paper  entitled  "The  relations  of  some  Carboni- 
ferous faunas"^  in  which  he  provisionally  correlates  the 
upper  Paleozoic  formations  of  Trans-Pecos,  Texas  with 
those  of  Russia  and  Kansas.  In  order  to  under3tand  the 
nomenclature  applied  to  the  geological  divisions  of  this 
region  it  is  necessary  to  state  that  Dr.  Girty  in  1902  pro- 
posed the  name  Guadalupian  for  apparently  all  the  Pale- 
ozoic deposits  succeeding  the  Pennsylvanian  of  that  re- 
gion which  he  stated : 

"Shall  be  employed  in  a  force  similar  to  Mississippian  and 
Pennsylvanian."* 

The  title  of  his  paper  "The  Upper  Permian  in  western 

Texas"  indicated  the  age  of  the  series.     This  region  was 

studied  later  by  Mr.  George  B.  Richardson  who  has  named 

the  formations  and  referred  the  Hueco  to  the  Pennsylvanian 

series,  the  Delaware  Mountain  formation  and  Capitan  lime- 

» 

stone  to  the  Permian  series  to  which  also  the  Castile  gypsum 
and  Rustler  formations  are  doubtfully  referred.* 

It  is  to  be  remembered  in  passing  that  the  term  "Dela- 
ware Mountain  formation"  is  so  similar  to  the  Delaware 
limestone  of  Orton,  a  name  applied  in  1878  to  a  Devonian 
formation  of  Ohio,t  that  it  is  not  a  sufficiently  distinctive 
designation  for  the  Texas  formation.  In  fact  it  has  already 
been  referred  to  as  the  Delaware  formation  which  will  cer- 
tainly lead  to  confusion. 

Dr.  Girty  discusses  to  some  extent  Dr.  Tschernyschew's 


•  I^ehrbuch  d.  geol.  Formationskunde,  2d  ed.,  1902,  p.  264. 
t  md.,  pp.   206,   306.  O 

t  Proc.  washingrton  Acad.  Sciences,  vol.  vli,  June  20,  1905,  pp.  1-26. 
••  Am.   Jour.   Sci..   4th   ser.,   vol.  xlv,   p.   868. 

*  Univ.   Texas  Min.   Surv..  Bull.  9,  November,  1904,  pp.  32-45. 
i  Kept.  Oeol.    Surv.   Ohio,   vol.   iii,   p.   606. 
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correlation  of  American  upper  Paleozoic  deposits  with  those 

of  Russia  and  he  states  that: 

"I  seem  to  see  in  the  Texas  faunas  resemblances  to  the  Spirifcr 
Marconi,  Ompbalotrocbus  Wbitneyi,  Prodactus  cora,  and  Scbwag- 
erina  zones  as  their  fossils  are  represented  by  Tschemyschew.  All 
three  of  the  lower  faunas  are  probably  represented  by  the  Hueco 
formation,  while  the  fauna  of  the  Capitan  limestone  is  in  some  re- 
spects strikingly  similar  to  that  of  the  Scbwagcrina  zone."* 

Again  Girty  states  that 

"It  seems  probable  indeed  that  all  four  of  Tschemyschew's  hori- 
zons are  represented  in  the  Hueco  formation,  where  the  difCerent 
faunas  are  not  as  clearly  distinguishable  into  separate  entities  as 
in  Russia.! 

Girty  concludes  that 

"On  the  whole,  therefore,  it  seems  to  me  rather  more  probable 
that  much  if  not  all  of  the  Capitan  and  Delaware  formations  is 
younger  than  the    Schwagtrina  zone."$ 

In  Tschemyschew's  classification  the  Schwagerina  zone 
is  succeeded  by  the  Artinsk  stage  before  the  Permian  is 
reached ;  but  it  must  be  remembered  that  the  Artinsk  stage 
is  referred  to  the  Permian  by  a  number  of  other  distin- 
guished European  geologists. 

Finally  Dr.  Girty  makes  the  following  comparison  be- 
tween the  Texas  and  Kansas  faunas: 

"So  far  as  the  significance  of  the  somewhat  hastily  reviewed 
evidence  has  been  grasped,  it  seems  to  assign  the  Kansas  faunas 
to  about  the  horizon  of  the  Hueco  formation,  placing  the  entire 
Guadalupian  series,  or  at  all  events  the  Capitan,  as  a  younger  evo- 
lution, whether  the  two  faunas  were  developed  in  distinct  pro- 
vinces or  the  same."* 

A  comparison  of  the  faunas  listed  by  Dr.  Girty  from  the 
Hueco  formation*  with  those  also  listed  by  him  from  Kan- 
sast  indicates  that  the  faunas  of  none  of  the  Kansas  forma- 
tions above  the  top  of  the  Chase  stage  are  related  to  that 
of  the  Hueco.  In  fact  it  is  a  question  how  much,  if  any, 
of  the  Chase  stage  should  be  regarded  as  homotaxial  with 
the  Hueco  formation,  since  part  of  the  species  listed  from  it 
are  generally  found  in  the  middle  and  lower,  rather  than 
the  upper,  Pennsylvanian.  With  the  above  suggestion  in 
mind  it  will  be  seen  that  Dr.  Girtv's  correlation  between 


•  IjOC.   clt.,    p.   20. 
t   md.,  p.    22. 

1   Ibid.,  p.   23. 

•  tbid,,  p.    26. 

•  I^nlv.    Texn.««   Min.    Surv..    Hull.    9.pp.    33-.^. 
t  U.   8.    Geol.   Surv.,    Bull.   211.   pp.   77-83. 
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the  Texan  and  Kansan  formations  probably  does  not  diflFer 
markedly  from  that  of  other  geologists  and  that  it  leaves  the 
upper  Paleozoic  deposits  of  Kansas  in  the  Permian. 

The  upper  Paleozoic  fauna  of  Kansas  shows  a  closer 
relationship  with  the  Permian  of  Russia  than  does  that  of 
the  Capitan  limestone  as  listed  by  Dr.  Girty,  which  he  pro- 
visionally correlates  with  the  Permian  of  the  Salt  Range  of 
India,  the  Carnic  Alps  and  especially  of  Palermo,  Sicily.* 

Consequently  his  statement  that 

"If  the  Capitan  fauna  is  Permian,  then  certainly  that  of  Kansas 
Is  not/'t 
does  not  follow  at  all. 

My  original  paper  on  "The  Classification  of  the  upper 
Paleozoic  rocks  of  central  Kansas"  was  published  in  1895.^ 
Additional  field  work  and  study  of  the  Cottonwood  Falls 
quadrangle  rendered  it  advisable,  in  compliance  with  the 
custom  of  the  United  States  geological  survey  to  designate 
each  lithologic  terrane  capable  of  representation  on  the  topo- 
graphic map  as  a  formation,  to  subdivide  three  of  the  units 
which  were  described  as  formations  in  that  article.  The 
limits  of  paft  of  the  new  formations  were  clearly  indicated 
in  the  original  paper  but,  in  general,  they  were  not  given 
geographical  names.  Dr.  J.  W.  Beede  was  associated  with 
the  writer  in  this  later  work  and  during  the  latter  part  of 
December,  1901,  Dr.  Beede  spent  some  days  with  him  in 
Columbus.  At  that  time  we  fully  discussed  the  classifica- 
tion for  the  formations  of  the  Cottonwood  Falls  folio, 
selected  the  names  for  the  new  formations  and  prepared 
their  preliminary  description.  The  complete  list  of  forma- 
tion names  for  the  Cottonwood  Fails  folio  was  submitted 
to  the  U.  S.  geological  survey  on  March  7,  1902  and  in- 
cluded the  following  six  which  were  listed  as  "Prosser  and 
Beede,  new";  Elmdale  formation,  Neva  limestone.  Eskridge 
shales,  Ciarrison  formation,  Matficld  shales  and  Dovle  shales. 

■r 

The  above  named  terms  were  .considered  by  the  Committee 
on  Geologic  Names.  March  29,  1902  and  according  to  its 
chairman,  Mr.  l^ailev  Willis  thev  ''were  recommended  for 
approval  without  exception."     The  list  was  returned  to  me 

•  Wash.    Acad.    Scl.,    vol.    vil,   p.   22. 

t  /did.,   p.    25. 

t  Jour.   Geol..   vol.   ili.   p.   682,   and   p.   764. 
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stamped  as  follows :  ^'Approved  [signed]  C.  D.  W.,  Direc^ 
tor/'  The  names  of  the  above  formations,  properly  credited^ 
together  with  descriptions  and  classification,  were  first  pub- 
lished in  the  Journal  of  Geology  in  December,  1902.* 

The  statements  on  pages  54,  55,  56,  57  and  59  of  Bulle- 
tin No.  211  of  the  United  States  geological  survey,  pub- 
lished the  last  of  October,  1903,  in  which  the  authorship  of 
the  above  mentioned  formations  is  apparently  claimed  by 
Mr.  George  I.  Adams,  are,  to  say  the  least,  very  erroneous. 

In  the  summer  of  1896  the  writer  spent  a  few  days  in 
southern  Kansas  in  attempting  to  correlate  some  of  the 
upper  Carboniferous  and  lower  Permian  rocks  with  the 
more  prominent  formations  of  eastern  central  Kansas.  At 
that  time  the  marked  lithologic  change  in  certain  formations 
when  followed  southward  from  the  Cottonwood  Falls  quad- 
rangle was  not  clearly  known  and  as  the  time  permitted 
only  a  very  hurried  reconnaissance  the  results  were  not 
satisfactory.  This  was  especially  true  regarding  the  at- 
tempted recognition  of  the  Cottonwood  limestone,  to  which 
the  greatest  amount  of  time  was  devoted.  The  later  re- 
searches of  Drs.  Beede  and  Sellards,  described  in  the 
August  number  of  the  American  Geologist,  show,  that 
when  followed  southward  from  the  Cottonwood  Falls  quad- 
rangle, the  lithology  of  the  Cottonwood  limestone  and  over- 
lying Florcna  shales  changes  rapidly  so  that  it  is  very  dif- 
ficult to  determine  the  limestone's  horizon  in  sections. 
After  the  writer's  reconnaissance  he  published  a  prelimin- 
ary paper  on  **The  Permian  and  upper  Carboniferous  of 
southern  Kansas"*  in  which  a  "Section  along  the  Missouri 
Pacific  railroad  from  Reece  to  the  crest  of  the  Flint  Hillst 
and  another  "from  Grenola  to  Grand  Summit"^  and  at  Cam- 
bridgeS  were  described.  To  the  section  from  Reece  to  the 
Flint  Hills  the  writer  was  able  to  give  but  a  half  day  for  in- 
vestigation and  from  below  Grand  Summit  to  Cambridge, 
onlv  a  dav.  According  to  Drs.  Beede  and  Sellards,  the  soil  ^ 
and  loose  material  had  been  removed  from  the  railroad  right 


•  Oit.    cit.^    vol.    X.    pp.    7<«-71J>,    and   date    of  publication   was    prior   to 
December  8. 

•  Kan.    rnlv.   Quart.,   vol.   vi.   1S97.   pp.   149-175. 
t  Ibid.,    pp.    152,    153. 

t  Ibid.,    pp.    160-162. 
8  fbid ,    pp.    166,    167. 
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of  way  in  the  vicinity  of  the  cuts  on  the  eastern  slope  of 
the  Flint  hills  to  the  west  of  Reece  just  previous  to  their 
work  so  that  there  were  "ideal  exposures  from  which  to 
make  exact  sections."  Their  detailed  studies  aided  by 
Ihese  excellent  exposures  showed  that  the  upper  part  of  my 
section  needed  correction  as  they  have  indicated.  At  the 
time  of  my  work  the  covered  slopes  misled  me  regarding 
the  thickness  of  the  strata  between  the  upper  cuts  so  that 
the  total  thickness  was  underestimated  and  the  upper  por- 
tion of  the  section  correlated  incorrectly.  No's.  13,  14,  and 
15  of  my  section  were  correlated  with  the  Strong  flint,* 
now  known  as  the  Wreford  limestone;  but  Beede  and  Sel- 
lards  show  that  only  No.  13  and  the  lower  15  feet,  8  inches 
(their  measurement)  of  No.  14  belong  in  the  Wreford  lime- 
stone, which  then  has  a  total  thickness  in  this  section  of 
•over  27^  feet.  The  remainder  of  No.  14  represents  the 
M'atfield  shales  with  a  thickness  of  from  58J/2  feet  to  62  feet, 
while  No.  15  is  the  Florence  flint  with  a  thickness  of  from 
21^  to  perhaps  25  feet.  The  correction  above  made  also 
applied  to  the  "section  of  Wreford  limestone  near  Summit 
Station"  given  in  the  Cottonwood  Falls  Folio,t  where  No's. 
I,  2  and  3  correspond  to  No's  13,  14  and  15  of  my  original 
section,  which  has  just  been  corrected.  Making  similar 
changes  in  the  Cottonwood  Falls  Folio,  No.  i,  with  the 
lower  15^  feet  of  No.  2  becomes  the  Wreford  limestone; 
the  remainder  of  No.  2  represents  the  Matfield  shales  and 
No.  3  the  Florence  flint.  The  statement,  farther  down  the 
same  column  of  the  Cottonwood  Falls  Folio,  that  the  maxi- 
mum thickness  of  the  Wreford  limestone  is  shown  at  this 
locality  should  also  be  corrected  because,  apparently,  only 
about  28  feet  is  shown. 

As  already  stated,  the  writer  had  but  a  day  for  the 
examination  of  the  section  from  Grand  Summit  to  Cam- 
bridge and  did  not  have  another  day  for  the  continuation 
of  the  section  from  Cambridge  to  Burden.  For  the  general 
stratigraphy  of  the  region  he  depended  on  the  "Geologic 
•section  from  Galena  to  Winfield  by  Geo.  I.  Adams,"t  on 
which  the  lower  limestone  on  the  eastern  side  of  the  Wal- 


•  Kan.    Univ.    Quart.,   vol.   vl,    p.   152. 

tGeol.   Atlas  U.   S..   No.   109.  1904.   p.   3.   col.    3. 

T  Univ.   Geol.   Surv.   Kansas,  vol.   I.  1896.  pi.   1. 
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nut  river  at  Winfield,  which  is  the  Fort  Riley  limestone^ 
-when  followed  eastward  is  apparently  represented  as  out- 
cropping in  the  lower  part  of  the  slope  to  the  west  of  Cam- 
bridge. The  detailed  investigations  of  Df.  Beede  from 
Grand  Summit  to  Burden  show  that  the  above  section  is 
incorrect  and  that  the  Wreford  limestone  occurs  at  a  higher 
position  than  the  supposed  outcrop  of  the  Fort  Riley  lime-' 
stone.  With  this  change  in  the  general  interpretation  of 
the  section  it  becomes  evident,  when  the  strata  are  followed 
eastward  to  the  railroad  cut  east  of  Grand  Summit,  that  my 
correlation  of  the  upper  limestones  there  exposed  with  the 
Strong,  now  called  Wreford  limestone,  is  erroneous.*  Dr. 
Beede  states  that  the  Wreford  limestone  caps  the  top  of  the 
hills  north  of  Grand  Summit  and  that  its  base  is  stratr- 
graphically  at  least  90  feet  above  the  heavy  limestone  by  the 
last  railroad  cut  at  Grand  Summit.  This  shows  that  the 
very  fossiliferous  shales  and  shaly  limestones.  No.  28,  of  my 
section,  together  with  the  massive  limestone  below  No.  27^ 
do  not  belong  in  the  Wreford  limestone  but  below  the  mid- 
dle of  the  next  older  formation,  the  Garrison.  The  state- 
ment that  the  fossiliferous  shales  of  No.  28  of  the  Grand 
Summit  section  are  equivalent  to  No.  14  of  the  section  west 
of  Reece  is  incorrect*  as  well  as  that  in  the  Cottonwood 
Falls  Folio,  that  the  lower  25  feet  of  the  Wreford  limestone 
occurs  east  of  Grand  Summit  station,t  which  should  be 
omitted. 

It  is  clearly  shown  by  Beede  and  Sellards  in  the  above 
mentioned  paper  that  the  Wreford  limestone  is  a  conspicu- 
ous formation  which  mav  be  readilv  followed  from  southern 
Nebraska  across  northern  and  central  Kansas,  at  least  into 
the  southern  part  of  the  latter  state.  This  is  fortunate  in 
case  the  Wreford  limestone  be  considered  the  base  of  the 
Permian  because  it  will  afford  a  marked  lithologic  break 
for  the  line  of  division  between  the  Permian  and  the  Car- 
boniferous. 

•  Kan.  I'niv.  Quart,  vol.  vi.  Ig97.  pp.   160.    161.  163,   No's.   27  and    28    of 
the    "section    from    Grenola    to    Grand    Summit." 

•  p.    163. 

t  Geol.    Atlas,    U.   S..    No.   1(»9.    p.   3,    col.   3. 
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ATLANTIC  HIGHLANDS  SECTION  OF  THE   NEW  JERSEY 

CRETACIC* 

By  J.  K.  Prathkb,  Waco,  Texas. 

PLATES  Vni.  IX  and  X. 

The  sections  discussed  in  this  paper  are  located  near 
Atlantic  Highlands,  Monmouth  county,  New  Jersey,  along 
the  line  of  the  Central  Railroad  of  New  Jersey  from  the  sta- 
tion at  Bay  View  avenue  almost  to  the  next  stop  at  Water- 
witch  station. 

The  following  beds  are  found  in  this  section  :t 

Cretacio  (?)                        Columbian  formation. 
Pleistocene  (?)  Long  Branch  sand 4  ft. 

(  (      Red  Bank  100  ft. 

Monmouth <      Navesink 40  ft. 

^  '  I      Mt.  Laurel  sand 50  ft. 

Cretacic       'i  f  Bay  View  Avenue  sand  35  ft. 

Upper       )     Hazlet    I  (Upper  Hazlet  or  Wenonah  ?) 

Matawan  )     sand . .    ]  Marshalltown  clays 30  ft 

I  Columbus  sand 10  ft. 

Besides  the  field  relations  of  these  beds  their  lithological 
character  was  subjected  to  a  careful  examination.  Samples 
of  the  beds  were  taken  at  intervals  as  indicated  by  the  let- 
ters on  the  section. 

Twenty  c.  c.  of  a  sample  was  put  in  a  wash  bottle  with 
an  equal  amount  of  soda  and  agitated  and  allowed  to  stand 
for  5  minutes,  i  hour,  and  24  hours  respectively,  and  de- 
canted. The  I  hour  and  24  hour  samj)les  contained  little 
else  than  fine  clay — the  character  of  the  other  samples  is 
given  in  a  table. 

T/u  Long  Branch  Sand, 

A  yellow  (juartz  sand. not  unlike  the  Redbank  but  gen- 
erally has  more  fine  clay  material.  It  is  about  4  feet  thick 
and  is  quite  ])ersistent  in  its  occurrence.  There  is  an  uncon- 
formity l)etwcen  this  l)ed  and  the  Redbank.  Above  the 
Lonj:^  lirancli  is  the  Columbian  gravel  with  an  uncomformity 
between  it  and  the  Loni^:  Branch  sand. 

Tlie  Long  Branch  was  considered  Miocene  by  Clark, 
but  AW'ller  has  found  Tercbratuta  harlani  and  Gryphica  vesi- 
cular is   besides  lir\()Z(>a  and  considers  it  Cretacic* 


♦  KiMiM  '"'I'lu'  Crt'liicic  Clays  at  Atlantic  HiRhl;in<ls.  Now  Jfrs«\v.*'  siib- 
initt«Ml  as  Mil  A.  M.   tlwsis  at   Columbia  i  nivi-rsity.   AinMl,    l!«05. 

;  For  a  r«»ini»l«'t«-  olassiticathin  ul  th<'  N«'\v  J<>rs<'y  Crotaric  s<m'  paper 
])y  St  Mart  \V«'ll.-r;  'TIh'  < 'lassitication  of  Hie  I'ppt-r  Cretaceous  Forina- 
tit>iis    and    Faunas    of    Ni-\v    J<M-s«'y*".  Journal  of  Geology,   vol,   xii.   No.   1. 

♦  S«M'  Well<'r\s  paper  previously  referred  to  (Journal  of  vjroology.  vol. 
xii.  No.   1.  i>.  S2.) 
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The  Monmouth  Formation, 
This  includes  the  Redbank,  the  Navesink,  and  the  Mt. 
Laurel  sand,  and  was  so  named  by  Clark  from  its  typical 
exposure  in  Monmouth  county. 

The  Redbank  Formation. 

The  Redbank  formation  which  is  about  lOO  feet  thick  at 
Atlantic  Highlands  is  overlaid  by  the  Long  Branch  beds  or 
in  its  absence  by  the  Columbian  gravels,  and  rests  on  the 
Navesink  beds  below.  It  is  generally  of  a  bright  red  color 
probably  due,  as  Clark  states,  to  the  oxidization  of  the 
glauconite  grains  contained  in  it.  The  color  is  not  always 
a  deep  red  and  often  varies  from  almost  colorless  to  a  ver- 
milion. The  colors,  yellow,  slate,  salmon,  pink  and  red 
are  well  represented  in  the  samples  I  have  taken.  It  is  a 
sand  and  shows  by  its  thickness,  distribution  and  character 
of  its  material  that  it  marks  an  important  change  in  the 
history  of  the  Cretacic  beds  of  the  Atlantic  coastal  plain. 

At  the  top  of  the  Redbank  is  an  indurated  bed  called 
by  Weiler  the  "Tinton  bed."  It  is  probably  represented  at 
Atlantic  Highlands  by  the  indurated  bed  which  occurs  just 
beyond  Hilton  station,  and  between  this  point  and  Water- 
witch  (see  plate).  This  bed  is  about  i8  feet  thick  and 
higher  up  contains  pockets  of  greensand  which  still  retain 
the  green  color,  although  the  surrounding  material -is  red. 

Mica  flakes  are  very  abundant  in  the  Redbank,  and  are 
very  characteristic.  When  the  material  is  colored  a  deep 
red  there  seems  to  be  an  absence  of  glauconite  grains,  but 
grains  of  magnetite  are  found  which  might  have  resulted 
from  an  alteration  of  the  glauconite.  Some  pieces  of  limo- 
nite  about  the  size  of  one's  hand  were  collected  from  the 
Redbank,  which  must  be  considered  as  due  to  the  concentra- 
tion of  the  iron  derived  from  the  glauconite.  Samples 
examined  under  the  microscope  show  the  Redbank  sand  to 
be  composed  largely  of  quartz  grains  of  uniform* size  often 
cementetd  by  fine  clay  colored  by  iron.  Mica,  magnetite, 
orthoclase.  microcline,  and  mornblende  are  common. 

Concretions  of  limestone  are  common,  both  rounded 
and  stalactitic  in  form. 

The  Redbank  forms  a  large  part  of  the  hills  around 
Atlantic  Highlands.     Its  thickness  and  color  make  it  an  im- 
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portant  and  characteristic  member  of  the  New  Jersey  Cre- 
tacic. 

Both  Cook  and  Clark  have  included  a  part  of  the  upper 
Navesink  with  the  Redbank,  but  the  lithological  character 
of  the  material  of  the  two  formations  is  so  different  (one 
being  a  quartz  sand  and  the  other  a  clay  or  glauconite  bed) 
that  the  line  of  separation  can  be  traced  without  much 
difficulty.  The  material  of  these  beds  was  undoubtedly  de- 
rived from  the  older  rocks  to  the  southeast,  as  already  sug- 
gested by  Cook.*  Clark  gives  the  strike  North  50°  East 
with  a  dip  of  25  feet  to  the  mile. 

TA<r  Navesink  Marl, 

This  was  named  by  Clark  from  its  typical  development 
in  the  vicinity  of  the  ^'Highlands  of  Navesink/*  Monmouth 
county,  New  Jersey.  He  gives  its  thickness  as  30  to  50  feet 
with  the  same  dip  and  strike  as  the  Redbank.  This  is  one 
of  the  most  important  divisions  of  the  New  Jersey  beds, 
and  besides  yielding  300-400  species  of  invertebrates,  it  con- 
tains more  glauconite  on  the  whole  than  is  found  in  any 
other  of  the  divisions.  It  is  well  exposed  at  Atlantic  High- 
lands where  it  varies  from  10  to  50  feet  in  thickness.  It 
is  generally  of  a  dark  green  to  light  grey  color  while  some 
layers  are  so  dark  as  to*  be  called  black.  These  dark  layers 
may  be  due  to  a  certain  amount  of  vegetable  matter  mixed 
with  the  glauconite.  The  light  grey  color  comes  from 
weathering  and  may  partly  be  due  to  the  decomposition  of 
the  pyrite  contained  in  the  bed.  The  dark  layer  which  is 
generally  about  10  feet  thick  may  even  assume  a  blue  color. 

There  are  three  distinct  fossil  beds  in  the  Navesink 
which  I  have  called  bed  i,  bed  2,  and  bed  3,  beginning  at  the 
top.  The  fossils  in  bed  i  (which  is  characterized  by  Exo- 
gyra  costata  and  Osirea  larva  are  replaced  by  limonite 
which,  being  characteristic,  separates  these  fossils  from 
those  of  the  other  two  beds.  Bed  2  is  the  Gryphata  vrsicu- 
arts  bed  which  also  contains  Bellemniiella  americana,  Os- 
trea  larva,  Exogyra  costata,  and  Terrabratella  plicata.  The 
fossils  in  this  bed  have  the  parts  of  tjie  original  shells  while 
those  of  the  other  beds  are  chieflv  internal  molds.  There  is 
much  clav  mixed  with  the  glauconite  and  the  formation  on 
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the  whole  is  what  might  be  called  a  clay  green  sand.  Flakes 
of  mica  and  grains  of  quartz  and  feldspar,  chiefly  orthoclase, 
but  with  some  microcline,  are  numerous  throughout  the  bed. 
Hornblende  and  pyroxene  are  also  found  but  they  are  not 
so  common.  The  beds  weather  readily  under  the  influence 
of  the  atmospheric  agencies  and  much  trouble  is  experienced 
by  those  whose  houses  are  built  near  the  edge  of  the  bluflfs 
on  account  of  the  tendency  of  the  material  to  slide  down. 
In  some  places  where  there  is  a  good  deal  of  water  per- 
colating over  the  embankment  the  material  becomes  hard 
and  smooth  and  changes  to  a  black  color.  The  glauconite 
grains  change  the  color  to  a  brownish  yellow,  to  a  black, 
to  a  dark  blue,  to  a  dark  green,  or  to  a  pea  g^een,  according 
to  the  state  of  decomposition.  The  beds  contain  pieces  of 
lignite,  and  I  collected  one  piece  about  5  inches  in  diameter 
and  about  8  inches  long.  It  was  broken  out  of  a  steep 
bank  and  part  of  it  was  left  in  the  bank.  Near  the  top  of 
the  Navesink  marl  is  a  clay  iron  stone  layer  2  to  4  feet  thick, 
containing  numerous  glauconite  grains.  These  are  held 
together  by  the  cementing  substances  of  the  clay  iron  stone 
which  is  a  mixture  of  limonite  and  clay.  The  iron  may 
have  been  originally  a  chemical  precipitate  or  it  may  have 
come  in  part  from  the  breaking  up  of  other  glauconite 
grains  which  had  been  formed  at  an  earlier  period.  Bed  i 
which  is  4  feet  to  20  feet  thick  is  a  clay  containing  numerous 
quartz  and  feldspar  grains  and  mica  flakes,  and  is  charac- 
terized by  the  filling  of  limonite  in  the  cracks,  which  are 
very  numerous  throughout.  The  color  of  the  material  of 
this  bed  is  a  light  grey.  Bed  2  is  a  mass  of  glauconite 
grains  embedded  in  a  clay  of  light  grey  color.  This  bed 
is  in  places  made  up  of  a  mass  of  shells.  It  contains  prac- 
tically  no   quartz  or  feldspar  grains  or   mica   flakes. 

For  separation  of  samples  from  Navesink  see  table. 

In  a  sample  (C  taken  from  Bed  2  {Gryphtra  vesicularis 
bed)  there  was  practically  nothing  besides  glauconite 
grains  and  a  few  shell  fragments.  Some  grains  of  pyrite 
were  found  and  some  shells  of  Foraminifera  (Nautilus  type; 
Trochoid  type ;  Nucularia  type ;  Nodosaria  type)  were  noted. 

In  a  sample  CG'  taken  from  hod  3)  there  is  ^  1>  quartz  and 
J<  glauconite.     There  are  well  formed  crystals  of  gypsum 
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in  this  bed  which  are  of  secondary  origin.  Many  samples 
of  the  Navesink  are  made  up  almost  entirely  of  glauconite 
grains  with  only  enough  fine  material  to  hold  them  together. 
The  glauconite  grains  may  be  only  slightly  altered  but  in 
some  instances  (sample  A^)  they  are  changed  to  a  dark 
brown  color,  when  it  takes  a  good  magnifying  glass  to  dis- 
tinguish them.  In  this  sample  mica  is  found  and  there  are 
some  quartz  grains  which  are  larger  and  more  rounded 
than  one  would  ordinarily  expect  from  the  sample.  The 
samples  grade  from  almost  pure  glauconite  to  no  glauconite 
grains  at  all,  and  mica  is  generally  absent  but  may  be  in 
certain  cases  abundant.  The  amount  of  quartz  is  variable, 
ranging  from  50%  to  zero.  The  feldspar  though  present 
only  shows  in  the  thin  sections  as  it  is  too  opaque  to  be 
told  without  grinding  down  the  sample. 

The  Navesink  is  marked  by  a  fossil  bed  near  its  base 
which  bed  is  very  persistent  along  the  whole  section,  and 
care  should  be  taken  not  to  confuse  these  fossils  and  assign 
them  to  the  beds  underneath  as  has  sometimes  been  incor- 
rectly done  by  some  of  our  best  workers. 

It  is  to  be  noted  on  the  whole  that  in  the  samples  taken 
much  glauconite  is  found.  Besides  this  many  fragments  of 
the  older  rocks,  or  land  derived  material,  occur,  indicating 
a  near  shore  deposit.  There  is  much  argillaceous  material 
to  be  found  in  the  samples.  The  upper  part  contains  more 
land  derived  material  and  mica  flakes,  and  arenaceous  mate- 
rial is  more  common  in  this  part.  The  principal  fossil  bed 
.  which  is  designated  as  bed  3,  is  the  lowest  of  the  three 
beds  which  contains  the  fossils.*  It  is  of  varying  thickness, 
generally  about  3  feet  thick,  but  often  as  thick  as  10  feet. 
This  lower  fossil  bed  is  in  some  places  found  where  the 
two  beds,  bed  i  and  bed  2,  arc  missing.  It  generally  con- 
tains a  consideral)le  amount  of  indurated  material.  The 
color  of  the  Navesink  beds  is  generally  darker  than  those 
of  the  Matawan,  and  they  contain  more  glauconite  and  less 
fine  material  and  do  not  contain  the  layers  and  pockets  of 
sand  or  of  clav,  which  characterize  the  Matawan  formation. 

There  is  an  uncomformity  between  the  Navesink  and 
the  Redbank  showing  that  erosion  has  taken  place.     This 
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is  indicated  by  its  thinning  to  the  eastward  and  the  absence 
of  the  two  upper  fossil  beds  which  are  present  in  the 
western  part. 

The  character  of  the  beds  renders  them  easily  eroded 
and  the  exposures  are  constantly  changing  owing  to  the  un- 
dermining which  is  continually  going  on. 

Locally  the  Redbank  alternates  with  the  Navesink  due 
to  slipping.  At  one  place  the  layers  can  he  traced  across 
ftnd  a  drop  of  fifty  feet  is  noted. 

Fotsils  from  the  Navesini. 

Owing  to  atmospheric  agencies  which  cause  the  higher 
parts  to  disintegrate  and  slide  down  over  the  more  basal 
portions,  it  becomes  necessary  that  the  fossils  of  each  bed 
be  carefully  collected  and  studied  so  as  to  separate  them,  for 
they  have  been  generally  intermixed.  I  have  found  fossils 
from  a  bed  at  the  top  of  a  bluff  scattered  all  the  way  from 
the  top  to  the  bottom.  Both  Clark  and  Whitfield  state  that 
the  fossils  have  been  collected  and  labelled  in  such  a  way 
that  it  is  impossible  to  tell  in  many  instances  to  what  beds, 
they  properly  belong. 

The  fossils  in  the  list  v/hich  follows  are  from  the  Nave- 
sink,  and  one  of  the  objects  of  this  paper  is  the  study  of 
this  particular  bed,  ascribing  to  it  the  fossils  which  belong 
to  it,  in  order  to  help  differentiate  the  fossils  and  assign 
them  to  the  beds  to  which  they  properly   belong. 

In  this  li.it  the  fossils  are  indicated  as  follows:  very 
common:  common;  rare,  and  very  rare:  U=;  given  by 
Whitfield  from  upper  marl;  M=:  given  by  Whitfield  frcm 
.  middle  marl. 
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Nailca  abyEBlna  (Morton) \ 

Vohintodej-ma  abootli  (Gabb) ] 

TurbinopslE  elev:itA  (?)   (Wbttf.) . 

OdoDtotusus  me^llvis  (Whltf.) 

Rostellaria   coniiwicta    (Whitf.)... 

Bulla  eonica  (WbllM 

Xenophora  laplferena   (Whftf.)... 

Lunatla  halll  (Gabb) 

Calyptrapborcs  velatus  (Conrad), 
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Gyrodea  fnfracarindta  (Gabb) .... 
OdontofuBus  roatellaroldea(WIiltf) 
Trmchytriton  aUantlcum  (Wtltt.) . 
Modulus  lapUoauB  (?)  (Whltf.)-. 
Turrltella  vertebroldea  (Morton) . 
Turblnella  (7)  parva  (Gabb).... 
Trematof'jBUB  venuatus  (Whltf.) . , 

Pyropsls  Derlata   (Conrad) 

PyropalB  refleyi   (Wbitf.) 

Tudlcula  plonlmarelnata  (Wbitf.) 
PTTopsIs  trocblfonnls  Tuomef).. 

ROBtellarla  splrata  (Whltl.) 

PyropBlB  lichardaonl   (Tuomey).. 

GyrodeB  altlsplra  (Gabb) 

RoBtellftea   angulatua    (Wbitf.)... 
Volutomorpba  mucronata  (Gabb) 
Volutomorpha  conmdl  (Gabb)... 

Rostellaria  noblllB  (Wbitf.) 

Volutoderaa  ovala  (Whltf.) 

TurritellaeQCrlnoldeH(?)  (Morton) 

Gyrodea  obtuslvolva   (Gabb) 

Rostellites  naautuB  (Gabb) 

Volutomorpha  ponderoaa  (Whltf.) 
Clthara  croswlckensls   (Whltf.). 

PyropBlB  retifer  (?)   (Gabb) 

PyrifusQB  turrltus  (Whitf.) 

QdontufusuE  typfcue  (Whltf.) . . . 
Roetellitea  biconlcua  (Whltf.) . . . 

P>Top8la  corrlna    (Whltf.) 

Gyrodea  petroaa  (Morton) 

Tracbytnton  multivaricosum  (?) 

(Whltf.)    

Roalellarta   fualformla    (Wbitf.). 

Rostellaria  curta  (Whltf.) 

Turrltella    llpplncotti    (Whltf.).. 
Turblnella  (?)  vertlcalla  (Whitf.) 
PyiifusuB  multlcaensis  (Whltf.). 

U 
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Paltcyopotls. 

i 

Niiv..-.lnk 

i 

.3 
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i 

Ostrea  larva  ( Lamark ) T 

Idonearca  antrosa   (Morton)... 
Idonearca  vulgaris   (Morton).. 
■Ostrea  glandlEormis  (Whltf.)... 
Clara»;clla  armata   (Morton)... 
Legumeu  appressum  (Conrad) 
DlceraB   dactjloida    (Whitf.)... 
Cardlum  prelongatum   (Wbitf.) 

Trigonln  mortoni  (Whltf.) 

Exogyra  costata  (Say) 

Venfella  ronradl    (Morton) 

Dlanchora  echinata  (Morton).. 
Nelthea     qulnquccostata     (L.a- 

mark)    

Oryphaca  TC8tcti!ar!o  (L.amari[) 
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U 

Bedl,  2  &  3 
"J 

"1.  2&3 
"1  &  3 
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Tenlella  Bubovalls  (Conrad) 
Lucina  smockana  (WhlU.). 
iLltbodDiDUG  rlpleyana  (Gabb). 
Area  quindocemradlaia  OabbJ 
Inoceraimis  sjiRensia  Owen).. 
Nemodon  anfaulenslB  (Oabb) . 
Nemodon  angulatum   (Gabb) . . 

Clbota   obcaa    (Whitf.) 

Nucula  slacklana  (Gabb) 

PerrlBonata  protesia  (Conrad) 

Venlella  trigona    Oabb      

Lioplstha  proLeita     Conrad) , , 

Area  transversa   (Gabb) 

BIbota  uniopsis  (Conrad) 

Inoceramua  sai;ansis  var  quad- 

raus    (Whltf.)     

Inoceramus   prcMibllqua     <?) 

(Whitf.)    ..-■ 

Pecten  venustua    (Morton) 

Nelthea     qii[iii|uecogtala     (La- 

Ostrea  teclcosta  (Qabb) 

Anonla  telllnoides     Morton)... 
Inoceramus  sagenBls  var  vanuz- 

emi  

Crassatclla  rcmbi^B  (Whltf.)... 
Osirea  liirvn  var  nafluta  (Mor- 

Corblcula  speciee  

Panopea   dlciea    (Conrad) 

Ijeiopislba   inflata     Whitf.) 

Pachycardlum  burlinstonense 
(Whltf.)   

Gnathodon   tennld^nB    (Wbltf.) 

Cj'primerla  densata  (?)  (Con- 
rad)     

Cardlum  mult  Ira  dlatum  (Gnbb) 

Cardlum  dumoeum   (Conrad) . . 

Cyprfmerta    aplasa    (Conrad) . . 

Craaaatellii  llttoralis  (Conrad). 

DOBlnIa  gabbl    (Whltf.)        

Crassltella  curia    Conrad)  (?). 

Lelcplstha  prnteata  (Conrad).. 

Modlola   Inflata    (Wbltf.) 

ExoRyra   lateralis    , 

Exogyra  costata 

Craasatella  vadosa  (Morton) . . . 

CrasBatella  ap 

Corblcula   sp 

InoceramuB  sp 

Nelthea  qulnquecoBtata  (La- 
TiKirk  

Veleda  telllnoides  (7)  (Whltf.) 

DonaK  fordl  (l.*a) 

I,ei)iosolen  blpUcata  (Conrad) 

Cal  Ista  delnwarensls  (Gabb) . . 

Cyprimeria  excavatn  (Morton) 

Astarte  veta   (?)    (Conrad)... 

Panopf a  clllpUca  (?)  (Wi-.ltf.), 

Modlola  sp 

Cardlta  brittcnl  (Wbltf.) 
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Nuculana  species    |  I        "1  I       I 

DoBlnla   gabbl    (Whltf.) "2  \       {'■ 

CraesBtclla  alta  (Cc^rad) U  "3  x 

Oryphaea  (several  species) |  j        " |       |  : 


Miscellaneous. 
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Crabs    claws    (dt^scrlbed    by    H. 
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Bed  3 
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PlBh  vcrtebrffl  (large  and  small). 

Fish   leeth    (various    sizes) 

Sharks    leetli    (Ces'.raclont    and 

CoprolHes  (Jiffarent  kinds) 

Belemnltclla  amerlcana  (Morton) 

Sponges   

Baculites  cotnpreasus  (Say)  Mor- 

BscuUles  ovatus   (Morton) 

Nautilus  dekayl  (Morton) 

Turrllltes  pauper  (Whltf.) 

Arcliltectonlca  aniic::a  (Co.irad).. 
Heterococeras   conradl    (Morton) 

X 

Terebratella  pUcata  (Say) 

X 

Serpula  crelacea    (Conrad)    (?),. 

Gastrochfena  amerlcana  (Gabb) . . 
Dentallum  subarcuatuni  (Conrad) 

Dentalluro  falcatum   (Conrad) 

Slliguarla  pauperata  (Whltf.) 

Margaritella  abbottl    (Gabb) 

X 

Mi.  Laurel  Sand. 
Clark   gives  the   Mt.   Laurel   sand   as   5   feet  thick  at 
Atlantic  Highlands,  and  includes  it  with  the  Navesing  and 
with  the  Redbank  in  the  Monmouth  formation. 

At  Atlantic  Highlands  it  appears  as  an  oxidized  zone  be- 
neath the  Navcsink  and  is  about  S  feet  thick.  It  was  traced 
from  Bay  View  avenue  station  at  Atlantic  Highlands  in  the 
direction  of  Hiltons  for  a  distance  of  8oo  feet  when  it 
grades  into  the  Marshalltown  clay  bed  and  disappears. 
Bay  View  Avenue  Lens  (2). 
This  is  5  feet  wide  and  250  feet  in  length  and  seems  to 
be  part  of  the  Navesink.  It  is  a  dark  glauconite  (see  sample 
C*)  bed  and  contains  about  8*!^    of  quartz  grains  and  the 
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rest  grains  of  glauconite  cemented  by  clay.  No  mica  flakes 
noted  in  this  sample.  It  is  a  very  dark  color  which  may  in 
part  be  due  to  the  presence  of  a  certain  amount  of  vegetable 
matter.  It  lies  below  the  lighter  colored  green  sand  of  the 
Navesink  (samples  C*  and  C)  and  rests  above  Bay  View 
lens  No.  3. 

T/ie  Matawan  Formation. 

In  the  western  part  of  the  Atlantic  Highlands  section 
the  Mt.  Laurel  sand  is  underlaid  by  a  quartz  sand  forma- 
tion 35  feet  thick,  which  can  be  traced  eastward  for  800  feet 
when  it  merges  into  the  Marshalltown  clay. 

The  Matawan  divisions  at  Atlantic  Highlands  are  in- 
cluded under  Clark's  Hazlet  sand  or  Upper  Matawan.  The 
divisions  are  "Bay  View  Avenue  sand/'  (which  I  have  named 
provisionally,  which  represents  uppermost  Hazlet,  and  may 
be  Knapp's  Wenonah  sand).  Below  this  sand,  near  Bay 
View  avenue,  is  30  feet  of  the  dark  laminated  Marshalltown 
clay.  This  latter  is  43  feet  thick  at  the  eastern  end  of  the 
section  where  it  has  replaced  the  Bay  View  Avenue  sand. 
Below  this  forming  the  base  of  the  section  throughout  is*  the 
Columbus  sand  which  grades  upward  into  the  Marshalltown 
clay.  The  Marshalltown  clay  here  is  at  the  top  marked  by 
an  unconformity. 

The  Matawan  beds  at  Atlantic  Highlands  are  not  very 
fossilifcrous,  and  besides  fragments  of  a  crab's  claw  there 
were  few  fossils  obtained  from  them. 

From  samples  examined  with  the  microscope  it  was 
shown  that  the  material  composing  the  beds  was  largely 
quartz  grains  both  rounded,  flattened,  and  angular,  together 
with  some  glauconite  grains  and  mica  flakes.  Also  in  some 
samples  hornblende,  gypsum,  pyrite,  serpentine,  orthoclase, 
microcline,  pyroxene,  etc.  were  found.  There  is  more  or 
less  clay  with  glauconite  grains  either  disseminated  or  in 
pockets.  The  strike  is  northeast  to  southwest — dip  25  feet 
to  the  mile  as  given  by  Clark. 

Following  are  the  detailed  characters  of  the  various 
members  of  the  Matawan  series  beginning  with  the  highest. 

Bay  View  Avenue  Sand. 

This  is  so  named  from  Bay  View  avenue  station  near 
Atlantic  Highlands  where  it  occurs.     It  is  from  15  feet  to 
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25  feet  in  thickness  and  extends  from  Bay  View  avenue  in 
the  direction  of  Hiltons  some  800  feet.  It  is  a  sand  as 
shown  when  separated  and  examined  under  the  miscoscope 
although  it  appears  at  first  sight  to  be  a  compact  clay.  It  is 
sometimes  found  as  one  bed,  or  may  be  made  up  of  a  num- 
ber of  small  beds  or  lenses  of  only  local  extent  varying  in 
thickness  from  2  feet  to  8  feet  (see  lenses  4  and  5).  The 
color  varies  from  white  to  yellow,  salmon,  brown,  orange, 
and  red.  It  is  made  up  almost  entirely  of  quartz  grains 
with  grains  of  iron,  probably  magnetite,  mica,  and  some 
glauconite.  The  quartz  grains  are  both  angular  arid  round- 
ed and  are  generally  of  uniform  size,  although  larger  and 
more  roimded  quartz  grains  are  noted.  It  rests  above  the 
Marshalltown  clay  and  below  the  Navesink  and  Mt.  Laurel, 
although  the  upper  Marshalltown  clay  seems  to  be  about 
the  same  age.  Sometimes  it  is  coarse  like  an  ordinary  sand, 
and  again  it  is  finer  grained  like  a  clay.  This  is  probably 
the  upper  part  of  the  Hazlet  sand  of  Clark.  Part  of  it  may 
correspond  to  the  Wenonah  sand  of  the  New  Jersey  survey, 
although  on  account  of  local  variation  it  does  not  seem  to 
fit  this  so  well,  and  is  therefore  given  a  local  name. 

Bay  View  Avenue  Lenses^  (1),   (3),  (-i),   and  (5). 

These  four  lenses  are  included  as  part  of  the  Bay  View 
Avenue  sand  and  as  part  of  the  Mt.  Laurel  sand.  No.  (i) 
is  4  feet  thick  and  120  feet  long;  No.  (3)  is  4  feet.  5  inches 
thick  and  120  feet  long;  No.  (4)  is  2  feet  thick  and  130  feet 
long:  and  No.  (5)  is  2  feet  thick  and  70  feet  long. 

No.  (i)  is  very  fine  grained  and  of  a  light  color.  It 
contains  quartz  and  mica  but  has  so  much  fine  clay  as  to 
render  it  a  clay  rather  than  a  sand,  and  causes  it  to  break 
into  hard  lumps. 

No.  (3)  is  much  coarser  and  more  arenaceous  than  No. 
(i)  and  contains  more  glauconite  and  more  quartz  and  less 
fine  clay.  It  is  a  brown  color  and  readily  separates  into  a 
sand.     Nos.  (i)  and  (3)  are  part  of  the  Mt.  Laurel  sand. 

No.  (4)  is  fine  grained  like  No.  (i)  but  of  coarser  grain. 
It  breaks  up  into  lumps  and  has  so  much  fine  clay  as  to 
make  it  a  clay  rather  than  a  sand.  It  contains  quartz  and 
mica  but  the  clay  predominates.  It  is  of  a  light  grey  color 
and  contains  very  little  glauconite. 
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No.  (5)  is  a  brown  sand  but  fine  grained  and  contain- 
ing much  fine  clay.  The  grains  of  quartz  and  mica  arc 
also  very  small.  Nos.  (4)  and  (5)  are  part  of  the  Bay  View 
Avenue  sand. 

Marshalltown  Clay. 

The  bed  here  identified  is  from  15  feet  to  43  feet  thick 
and  extends  from  200  feet  from  Bay  View  avenue  to  near 
Hiltons  station.     It  represents  part  of  the  Hazlet  sand  of 
Clark  and  would  correspond  to  the  (Clay  marl  4)  Marshall- 
town  bed  of  Knapp.     It  is  a  dark  colored  clay  which  varies 
in  color  from  black  to  a  light  grey,  when  it  has  a  silvery 
or  micaceous  appearance.     Examined  under  the  microscope 
It  is   found  to  be   composed   largely  of   clay   and   quartz 
grains,  and  some  mica  flakes.     It  is  finer  grained,  darker  in 
color  and  very  different  from  the  beds,  one  above,  and  the 
other  below  it,  for  they  are  arenaceous  (silic  arenites)  and 
composed  largely  of  quartz  grains,  while  this  bed  is  more 
of  a  clay  or  clay  marl.     It  might  be  suitable  for  making 
brick  or  certain  grades  of  earthenware.    It  is  finer  grained 
than  the  Navesink  which  rests  above  it  in  part  of  the  sec- 
tion, but,  in  the  rest  of  the  section,  the  bed  called   Bay 
View  Ave)nue  sand  comes  in  between.     It  contains  very 
little  glauconite  and  is  generally  very  fine  grained  and  con- 
tains much  fine  quartz  and  mica  an(l  a  good  deal  of  fine  clay. 

Columbus  Sand, 

This  generally  occurs  at  the  base  of  the  sections  from 
Bay  View  avenue  to  near  Hiltons.  It  represents  the  Upper 
Hazlet  sand  of  Clark.  It  seems  to  be  a  part  of  the  over- 
lying bed  in  certain  instances  and  lenses  (6)  and  (7)  of 
this  sand  are  included  in  the  Marshalltown  clay  above.  It 
varies  in  color  from  white  to  vellow  and  red,  mav  even 
assume  a  slate  color  owing  to  the  clay  present  in  it.  It 
contains  interstratified  layers  of  slate  colored  clay  which  is 
very  smooth  and  fine  grained.  It  is  made  up  largely  of 
quartz  grains  of  variable  size,  and  often  highly  colored. 
It  contains  numerous  flakes  of  mica  and  many  grains  of 
glauconite  scattered  through  it,  some  of  which  have  been 
altered  to  iron  compounds.  Besides  the  color,  the  pieces 
of  clav  and  the  mica  flakes  are  most  characteristic.  It 
varies  in  thickness  from  5  feet  to  25  feet  although  on  ac- 
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count  of  being  at  the  base,  it  is  not  always  completely  ex- 
posed. 

SECTIONS. 

The  following  sections  taken  at  intervals  give  the  de- 
tail of  the  formations : 

Section  250  feet  from  Bay  View  Avenue. 

cuvntii^a    Conglomerate   at  top 2  ft.    Columbian  gravel 

samples    g^^^^  3^^    Long  Branch. 


^Navesink. 


Bl  ft  B2  Light  greensand   10  ft 

B8 Dark  greensand  6  ft. 

B4 Fossil  bed  with  glauconite 

grains 6  ft. 

®^ Light  clay  (cream  colored)  I 

with      few       glauconite  iMt.  Laurel  sand, 

grains  (Lens  1) 4  ft  j 

B6  ft  Ba  Brown  clay  containing 
much  quartz  grains  and 
mica  and  with  glauco- 
nite grains  disseminated 
through  it   12  ft 


Bay  View  Avenue 
^sand. 


B7 Dark  clay  made  up  largely         ^ 

of  clay  and  a  good  many         VMarshalltown 
quartz  and  mica  grains  11  ft.  J 
Light    gray    sand    largely  | 

quartz   with   some  mica  !  Columbus 

with  interstratifled    lay-  j  sand, 

ers  of  clay  6  ft.  J 


Upper 
I  Matawan 

f     ^"^ 
(Hazlet 

sand) 


Section  450  feet  from  Bay  View  Avenue. 

Quartz  pebbles  (conglomerate)  at  top 

Samples.  2  feet   

Quartz  sand 5  feet       ^^^^  Branch 


Columbian 


ft    ^ 


CI    Light  greensand  chiefly  glauconite 7 

Grains  cemented. 
Cb    Dark  greensand  most  aU  glauconite 5  ft     j"  Navesink 

Grains  cemented  together  (Lens  2).  J 
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C2    Brown  clay,  light    brown  1 

color    and    wltb    much 
quartz   (Lens  3) 4.5  ftj 

C8  Brown  clay,  still  lighter 
color  than  preceding  but 
composed  of  same  ma- 
terials (Lens  4) 2  ft 

C4  Brownish  yellow  clay  made 
up  largely  of  quartz 
grains   (Lens  5) 2  ft 

€6  Light  brown  clay  with 
quartz  grains  and  flakes 
of  mica  embedded  in 
the  clay  ground  mass..     15  ft. 


J^Mt  Laurel 


Bay  View  Avenue 
sand. 


Upper 

Matawaa 

or 

(Haslet 
sanO) 


1 


€6    Dark  grey  clay  with  fine 

quartz  grains  12  ft.  j 

€7    Light    grey    sand    largely  1 
quartz  and   some  mica 
with  interstratifled  lay- 
ers of  clay 8  ft. 


Marshalltown 


S' Columbus  sand. 


J 


Section  in  bend  of  Creek  800  feet  from  Bay  View  Avenue, 


Samples.    Quartz  pebbles  and  sand 20  ft  < 


D2 


Dl 


Columbian  3ft 
Long  Branch  6  ft 
Redbank  12  ft 


Grecncand  dark  colored  and 
made  up  largely  of  glau- 
conite  grains  cemented 
and  with  some  grains  of 
quartz  and  mica  scatter- 
ed through  (♦) 10  ft 


>  Navesink 


Dark  clay  made  up  largely 
of  clay  and  a  good  many 


>Marsha]ltown 


quartz  and  mica  grains.  35  ft.  I 


Dark  gray  sand,  largely 
quartz  with  some  mica 
and  interstratifled  with 
layers  of  clay 6  ft. 


] 


'Columbus  sand 


J 


Upper 

^Matawan,  or 
(Hazlet  sand) 


•  Hoth  the  Bay  View  Avenue  sand  and   the   Mt.    Laurel     sand     grade 
IntQ  the  Marshalltown  clays  here  and  disappear. 
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Section  1250  feet  &om  Bay  View  Avenue. 

Quartz  pebbles  at  top 6  ft.    Columbian  gravel 

Quartz  sand 6  ft.    Long  Branch 


E3 


Quartz  sand,  salmon  color- 
ed made  up  of  quartz  and 
some  mica  and  magne- 
tite grains  6  ft. 

Light  colored  clay  with 
quartz  and  mica  in  large 
flakes  and  some  glau- 
conite  but  glauconite 
rat'ier  rare  20  ft. 


>  Redbank 


>  Navesink 


EM    Dark  greeii  and  layers  com-      *     ^ 

posed       of       glauconite  Ixio^^-i^t 

grains  cemented  10  ft  fWavew^K 

Light  greens  and  layers 10  ft  J 


E5 


Dark    grey   clay   made   up 

largely  of  clay  with  much  ^ 

quartz  and  mica 25  ft  ) 


I 


Marshalltown 


E6 


Light  and  dark  grey  to  yel- 
low sand  with  interstrati- 
fled  layers  of  clay.  The 
material  is  largely  grains 
of  quartz  with  large  mica 
flakes  and  some  grains 
of   glauconite 20  ft , 


^  Columbus  sand 
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Upper 
Matawan 
y  or 

(Hazlet 
i^and) 


Samples . 

Fa  &  Fl 
F2 


Section  1600  feet  from  Bay  View  Avenue. 

Quartz  pebbles   10  ft    Columbian 

Sand 5  ft.    Long  Branch 

« 
Red  sand  changing    from    dark 
red  to  yellow  salmon,  grey,  &c., 
largely  quartz 9.6  ft    Redbank 

Light  green  sand 10  ft 

Dark  greens  and  nearly  all  glau- 

conite      grains      cemented      to-  ^Navesink 

gether 10  ft 

Light  green  sand 10  ft. 

Dark    green    clay    made    up    of  )  .    „  1 

quartz  and  mica  grains  in  clay  25  ft.  \  Marshalltown     .  Matawan 

>  (Hazlet 

Light  colored  quartz  sand  with  y  Columbus  sand    sand) 

layers  of  inteistratifled  clay..     5  ft. )  J 
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Section  3960  /eet  &om  Buy  Vir.w  Ayenae. 

Quartz  pebbles  and  sand 10  ft 

Sand 5  ft 

Red  sand  largely  made  up  of  quartz 
grains  with  some  hard  cemented 
pieces    90  ft. 


Columliteft 
Long  Branch 

Redbank 


01,  G2,  G3 


Glauconite  beds  with  much 
clay  and  quartz  grains 
near  the  top  and  with 
less  quartz  and  more 
glauconite  near  the  mid- 
dle and  bottom,  and 
with  numerous  fossils  es- 
pecially  in  bed  3  or  basal 
portion  of  bed 20  ft. 


i"  Navesink 


These  sections  and  the  intervening  parts  are  shown 
on  the  drawing  made  to  scale  from  measurements  and 
notes  taken  in  the  field  (Plate  x).  The  sections  were  drawn 
to  scale  on  tracing  cloth  and  taken  into  the  field  and  the 
beds  separately  traced  out  and  mapped  and  the  intervals 
filled  in  while  in  the  field.  The  letters  Ai,  Bi,  &c,  refer  to 
samples  of  the  beds,  located  on  the  section  at  the  points 
where  they  were  taken.     (See  also  plates  viii  and  ix). 
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CONTRIBUTIONS  FROM  THE  MINERALOGICAL  LABORATORY 
OF  THE  UNIVERSITY  OF  WISCONSIN. 

By  William  Hbbbbbt  Hobbs,  Madison,  Wis.,  Assisted  by  others. 

PLATE  XI. 

In  the  following  pages  have  been,  brought  together  a 
number  of  brief  statements  which  it  is  thought  are  deserv- 
ing of  being  placed  upon  record.  Undertaken  from  time  to 
time  as  material  has  come  tc  the  laboratory  they  have 
been  allowed  to  wait  until  collectively  they  had  a  value 
which  individually  would  not  belong  to  them.  The  econ- 
omical and  mineralogical  work  has  been  carried  out  in  part 
by  the  professor  in  charge  of  the  department,  or  by  his 
students,  but  generally  in  collaboration.  Credit  for  work 
is  given  in  connection  with  the  individual  contributions. 

a.  Analysis  of  Huebnerite  from  Drai^oon  Summit, 
Ariz*  by  S.  V.  Peppel.  The  specimens  of  this  mineral  arc 
cleavage  blades  from  large  hair  brown  crystals  two  inches 
or  more  in  length.  An  analysis  of  them  yielded  the  fol- 
lowing results: 

SlCt  1.10 

WO*  75.10 

MnO 22.87 

FeO ; 81 


99.88 
The  re-calculated  analysis  excludes  the  silica,  which  is 
probably  included  material.     This  analysis  appears  below  in 
column  I,  and  in  column  11  is  given  the  theoretical  com- 
position of  pure  huebnerite. 

L  n. 

W0»   76.13  76.6 

MnO 23.15  23.4 

FeO 82 


100.00  100.00 

b.     Quartz  Crystals  from  near  Las  Vff^as,  N,  Af,    These 

specimens  were  received  from  Mrs.  A.  P.  Buck,  East  Las 
Vegas,  N.  M.  They  constitute  numerous  double-termin- 
ated crystals  of  clear  colorless  quartz  of  great  pellucidity 
resembling  in  habit  the  Herkimer  quartzes  from  New  York 


•  This   occurrance    has   been   described  by  W.  P.  Blake  in  the  Mineral 
Industry,    vol.    7.    189i».   pp.    730-722. 

t  And  oxide.«»  of  columbium  grroiip,  if    present. 
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state.  In  common  with  Herkimer  quartzes,  also,  these- 
crystals  are  found  with  much  lustrous  black  material  which 
glows  and  becomes  white  on  ignition  and  appears  to  be 
in  part  like  the  included  material  of  the  Herkimer  crystab. 
The  crystals  sent  are  somewhat  smaller  than  the  average 
of  those  obtained  from  Herkimer  county,  but  they  yet  re- 
semble them  quite  closely.  These  crystals  are  re- 
ported by  Mrs.  Buck  to  occur  in  **veins"  in  the  high  country 
near  Las  Vegas,  hundreds  being  there  found  in  each  shovel- 
ful of  earth,  and  the  best  crystals  being  obtained  in  pockets 
along  with  the  lustrous  black  material  of  which,  however, 
only  a  small  amount  was  included  with  the  sample. 

£.  Ca/a'te,  Sphalerite^  and  Pyrite  from  Oshkosh^  Wis- 
consin, The  specirfiens  of  these  minerals  were  collected 
from  the  dolomyte  quarry  one  mile  southwest  of  the  city  of 
Oshkosh  and  presented  to  the  university  of  Wisconsin  by 
Mr.  T.  J.  Thorson.  The  calcite  shows  two  habits;  one  hav- 
ing the  form  r,  (ion)  unmodified,  the  other  exhibiting  the 
forms  f,  — 2R  (0221) ;  v,  R"  (2131)  ;  e.  — >2R,  (01 12)  ;  m,  Oop 

(loio)  ;  and  r,  R  (ion),  the  latter  form  small. 

The  sphalerite  shows  the  ordinary  combination  of  do- 
decahedron and  trapezohedron  (311). 

d.  Minerals  from  Eau  Claire,  Wisconsin.  Specimens 
of  pyrite.  marcasite.  sphalerite,  chalcopyrite,  and  dolomite 
have  been  obtained  from  this  locality.  The  pyrite  occurs 
in  well  formed  octahedral  crystals  up  to  Yz  centimeter  in 
diameter,  with  the  cube  and  dodecahedron  truncating  the 
angles  and  edges  respectively.  The  crystals  show  a  green- 
ish to  bluish  iridescence.  Marcasite  occurs  together  with 
the  pyrite  and  in  the  common  tabular  forms  which  are 
bounded  by  the  base,  unit  prism,  and  one  or  more  of  the 
brachy-domes  v.  and  1.  The  dolomite  occurs  in  a  simple 
rhombohedron,  while  the  chalcopyrite  is  found  only  massive. 

e.  Dolomite  and  white  Zinc  Oxide  from  Hif^hland, 
Wisconsin,  The  dolomite  occurs  in  lenses  of  small  gray 
and  curving  faced  rhombohedrons  with  dimensions  of  a  few 
millimeters  only.  The  specimen  of  zinc  oxide  was  pre- 
sented by  Mr.  Richard  Kennedy,  mining  expert,  resident  at 
Highland.     This  material  is  quite  massive  and  forms  a  coat- 
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ing  on  the  limestone  of  the  district.  Its  surface  is  botry- 
oidal  and  the  mineral  has  the  appearance  of  having  been 
sublimed  upon  the  surface.  In  color  it  is  almost  pure  white 
resembling  magnesite;  but  ignited  on  charcoal  it  becomes 
yellow,  cooling  to  white,  and  with  cobalt  solution  gives  the 
usual  color  of  zinc  compounds.  It  dissolves  readily  in  hy- 
drochloric acid. 

y.  Other  Unreported  •  Occurrences  of  Wisconsin  Min- 
erals. Other  mine^^ls  which  are  not  upon  record,  and 
which  have  been  found  in  Wisconsin  are  given  below. 

Pyrrhotite  from  Mountain  post  office,  where  it  is  found 
in  quite  extensive  deposits  entirely  massive  in  appearance. 

Barite  from  Belmont,  which  occurs  with  brown  blades 
as  imperfect  crystals  up  to  4  or  5  centimeters  in  length. 

Limonite  pseudomorphs  after  marcasite  from  Madison. 
These  latter  pseudomorphs  show  the  combination  of  the 
prism  m  with  either  v  or  1. 

Malachite ;  Baraboo,  Sauk  county. 

Chalcopyrite,  cuprite,  and  malachite;  Boscobel. 

Chalcopyrite,  malachite ;  Soldier's  Grove  and  Wayne. 

Graphite;  Marshfield. 

g.  Minerals  from  Helderberg  Limestone  of  Tiffin j  Ohio, 
The  University  of  Wisconsin  is  indebted  to  professor  M.  E. 
Kleckner  of  Heidelberg  imiversity  located  at  Tiffin,  for  a 
small  collection  of  minerals  from  the  quarries  at  that  place. 
According  to  professor  Kleckner  the  limestone  of  the  dis- 
trict is  part  Niagara  and  part  Helderberg,  and  it  is  in  the 
latter  that  the  crystallized  minerals  have  been  found.  They 
occur  as  the  lining  of  cavities  some  of  which  have  a 
diameter,  as  indicated  by  specimens  received,  of  one  to  two 
decimeters.  Certain  layers  in  one  of  the  quarries  have 
many  filled  cavities  of  cylindrical  shape  which  have  become 
known  to  the  quarry-men  as  "plugs."  These  seldom  ex- 
tend through  more  than  a  single  layer  of  the  limestone. 
The  minerals  of  this  plug  are  the  same  as  those  filling  the 
other  cavities ;  namely,  calcite,  celestite,  fluorite,  and  sphal- 
erite. 

The  calcite  is  the  most  abundant  of  the  minerals  lining 
the  geodes,  and  occurs  in  two  different  habits.    The  first 
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shows  small  yellow  crystals  yi  centimeter  in  length  with 

the  habit  determined  by  the  form  f,  — 2R  (0221)  unmodified. 
The  other  type  shows  larger  crystals  of  "dog  tooth"  habit 
which  are  often  several  centimeters  in  length.  These 
crystals  like  the  others  are  of  a  pale  yellow  color  and  their 

habit  is  determined  by  d,  — 8R  (0881)  with  which  is  gep- 
erally  present  e,  — yiR  (0112)  and  t,  J4R'  (2134)  and  some- 
times V,  R'  (2131).  The  faces  are  more  or  less  dull,  and 
frequently  vicinal,  but  allow  their  angles  to  be  read  with 
sufficient  accuracy  for  a  determination  of  the  forms. 

The  celestite  occurs  in  tabular  to  bladed  crystals  vary- 
ing in  size  from  one-half  to  several  centimeters  in  their  di- 
mensions. The  color  is  a  pale  blue,  as  in  the  case  of  the 
well  known  celestite  from  Put-in-Bay  on  lake  Erie.  The 
base  is  always  the  tabular  plane  and  the  macro-diagonal  the 
axis  of  greatest  development.     The  forms  present  are,  in 

the  order  of  relative  size,  c,  Oop  (001)  ;  d,  yiP  (112)  ;  o,  POO 
(on)  ;  m,  oop  (no) ;  and  z,  P  (in). 

The  crystals  of  fluor  spar  are  associated  with  the  calcite 
and  the  celestite  in  the  cavities.  They  are  cubes  and  cubo- 
octahedrons  made  up  of  well-rounded  sub-individuals,  and 
sometimes  attain  to  a  size  of  two  or  more  centimeters  along 
the  cubic  edge.  Some  crystals  are  nearly  colorless  and 
quite  clear;  others  have  areas  colored  yellow,  but  the  ma- 
jority of  those  examined  have  a  rich  brown  color  between 
that  of  smoky  quartz  and  of  the  well-known  brown  siderites 
from  Roxbury,  Connecticut. 

A  mineral  much  less  common  in  the  geodes  is  sphaler- 
ite, which  appears  in  distinct  crystals  a  centimeter  or  more 
in  diameter.  The  color  is  that  of  a  light  "rosin  jack'*  and 
would  match  the  color  of  the  well  known  sphalerites  from 
Joplin.  Missouri.  Like  the  latter,  also,  the  combination 
found  upon  the  Tiffin  sphalerite  is  that  of  the  dodecahedron 
with  the  common  trapezohedron  (311). 

A.  Calcite  from  Grand  RapidSj  Michigan.  Specimens 
of  calcite  from  Grand  Rapids.  Michigan  were  received  from 
Mr.  T.  C.  Ulman  of  Ashland,  Wisconsin.  He  collected  them 
in  1894.  According  to  his  statement  the  crystals  are  found 
in  seams  and  cavities  in  the  limestone  which  forms  the  bed 
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of  the  Grand  river,  coffer  dams  having  been  built  and  the 
rock  quarried  both  for  lime  and  for  road  metal.  The  lime- 
stone is  traversed  by  a  vertical  vein  of  barite,  containing 
well  developed  crystals.  Two  miles  down  the  river  the 
limestone  dips  under  the  well  known  gypsum  beds  of  the 
vicinity.  The  rock  in  which  the  crystals  here  described 
were  found,  is  a  dark  gray  to  white  compact  limestone  with 
cavities  which  in  many  of  the  specimens  were  lined  with  a 
film  of  pyrite,  to  which  the  calcite  crystals  are  attached. 
These  crystals  have  been  studied  at  the  university  by  Mr. 
W.  M.  Kennedy.  The  habit  of  the  calcite  is  either  scalen- 
ohedral  or  rhombohedral,  the  latter  variety  being  white 
and  the  former  when  found  alone  of  a  brownish-yellow 
color.  Twins  are  common,  the  twinning  plane  being  a  face 
of  the  fundamental  rhombohedron.  Superimposed  upon 
some  of  the  larger  crystals  are  numerous  smaller  and  much 
distorted  individuals  so  flattened  as  to  resemble  in  form  the 
tooth  of  a  shark,  the  orientation  being,  however,  the  same 
for  both  larger  and  smaller  crystals.  The  following  forms 
were  observed : 

r,  R  (ion)  M.  R  Y  (7.  4.  iT.  3) 

0,— }  H  (0554)  Dr  R  J    (11.  IC.  5  6) 

X,— JR  (0994)  and 

d,  —3  R  (0331)  1.  — Ja^  R  (11.  0.  ll.  3)  doubtful, 

xra,  -V  R  (O.  11.  ii.  3) 
jr,  R»  (2131) 


1 84  The  American  Geologist.  septMnber,  i90» 

Fig.  1.    Development  of  calcite  crystals  from  Grand  Rapids, 
Michigan.    The  angles  which  determined  the  forms  were  as  follows: 
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The  new  form  R  |  was  found  on  a  number  of  crystals 
and  was  accordingly  determined.  The  form  1  was  found  on 
but  one  crystal,  though  here  with  a  large  development. 
See  fig.  I. 

The  crystals  represent  a  number  of  distinct  habits 
among  which  is  the  barrel-shaped  type  of  fig.  2.  There  is 
also  another  "nail-head"  type,  and  a  very  steep  rhombohe- 
dral  type. 


Fig.  2.  Barrel-shaped  tjrpe  of  calcite  from  Tlffln,  Ohio. 
/.  Epsomiie  and  A  lu  no  gen  from  the  Cripple  Creek 
District,  Colorado.  These  specimens  which  were  among 
the  collections  of  the  university  of  Wisconsin  have  been 
analyz.ed,  the  first  mentioned  by  Mr.  W.  O.  Hotchkiss,  and 
the  last  mentioned  bv  both  Mr.  Hotchkiss  and  Mr.  R.  M. 
Chapman.     Their  results  follow: 

''^EpBomit^^  from  Cripple  Creek  District^  Colorado. 

Analyzed  by  W.  O.  Hotchkiss. 

MgO 19.35 

S0» 38.51 

H'O 42.03 

99.89 


I'  '• 


I 


I 
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^^AlunogerC'  from  Cripple  Creek  District^' Colorado. 

Analyzed  by  W.  O.  Hotchkiss  and  R.  M.  Chapman. 

HotchkisB.        Chapman. 

APO» 8.28  9.41 

MgO 14.44  4.40 

S0» 34.06  43.74 

IPO 43.86  43.86 


100.64  101.41 

The  .close  similarity  of  the  two  minerals  makes  it  diffi- 
cult to  obtain  a  perfect  separation  of  them,  and  this  chiefly 
explains  the  variation  observed  between  the  analysis  quoted. 

J.  Crystallized  Copper  from  Soudan,  Minn,  A  very 
interesting  and  almost  unique  example  of  metallic  copper  in 
association  with  hematite  is  the  occurrence  at  the  Minnesota 
mine  in  the  Vermilion  iron-bearing  district  of  Minnesota. 
As  this  occurrence  does  not  appear  to  have  been  figured, 
the  beauty  of  the  films  and  trees  seems  to  warrant  its  repre- 
sentation, which  is  given  in  plate  xi.  Although  the  occur- 
rence has  been  described,*  it  does  not  appear  to  be  well 
known,  the  place  of  publication  not  being  well  known  to 
mineralogists.  The  occurrence  is  also  casually  mentioned 
by  Clements.t  Together  with  the  hematite  in  association 
with  the  copper  are  found  cuprite,  malachite,  and  azurite. 
The  copper  minerals  occur,  in  a  narrow  seam  in  brecciated 
hematite,  the  only  place  where  it  is  found  in  the  region  or 
in  any-  of  the  iron-bearing  districts  of  lake  Superior.  This 
rare  occurrence  should  be  considered  in  connection  with  the 
discovery  by  Haworth  of  thin  films  of  native  copper  in  red 
clay  shales  near  Enid,  Oklahoma.^  In  both  occurrences  the 
copper  is  extremely  limited  and  generally  found  in  thin 
films  upon  apparent  fissures.  Though  the  Soudan  occur- 
rence was  apparently  not  known  to  Haworth  at  the  time 
his  paper  was  read,  he  has  suggested  the  same  explanation, 
namely ;  the  reduction  of  the  copper  by  the  oxidation  of  the 

ferrous  iron  compound. 

— * 

•  J,  H.  Ebt.  and  Charles  P.  Berket.  Copper  minerals  in  hematite 
ore.  The  Year  Book  of  the  Society  of  Enfirineers.  university  of  Minne- 
sota, 1897,  pp.  108-117.  Reprinted  from  the  Proceedinffs  of  the  L«ke  Su- 
perior Mininer  Institute,  vol.  4,  1896,  pp.  69-79. 

t  J.  MoBOAX  Clexenth.  The  Vermilion  Iron  bearlngr  district  of  Minne- 
sota. Mon.  46,  l\  S.  G.  S.  1903.  pn.  112,  134.  N.  H.  Wikchill  Mstailic 
Copper.       Final  report,  Minnesota  Q«Ok>ffical  Survey,   vol.  5,   p.   8S6,   1900. 
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It  is  interesting  to  note  that  beautifully  crystallized 
copper  has  been  produced  in  trees  resembling  the  aborescent 
native  copper  of  the  Soudan  occurrence  through  electroly- 
sis.* This  copper  was  formed  at  the  lower  comer  of  a  full 
sized  kathode  operating  under  bad  conditions  in  an  insoluble 
anode  tank,  presumably  with  very  high  current  density. 
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Stractare  of  some  Cepbalopods,  by  R.  Ruedbmann.  [Report  of  New 
York  State  Paleontologist  1903,  Albany,  1906]. 

Notes  on  the  apical  end  of  the  sipbuncle  in  some  Canadian  Endo- 
ceratidae,  &c.    by  J.   F.  Whiteaves    [American  Geologist,  Jan. 

1905). 
Ueber  die  eocambriscbe  Cepbalopodengattung  Volbortbellaf  SoBMtiyt . 

von  A.  Karpinsky,    (Verhandl.  russ.  miner.  Gesell.  Bd.  xli,  11,  pp. 

31-42]. 

These  papers  with  that  of  G.  Holm  1895  on  the  formation  of 
the  endosiphon  in  the  Endoceratidfls  help  greatly  to  a  proper  under- 
standing of  the  initial  stage  of  the  shell  in  the  early  cephalopods. 

Especially  is  this  the  case  with  the  first-named  essay,  based 
upon  excellent  material  from  the  oldest  Ordovician  limestones  of 
lake  Champlain.  The  essay  is  valuable  not  only  for  what  it  tells 
us  about  the  Heekmantown  cephalopods,  but  also  for  the  ssmopsls 
which  it  contains  of  the  work  of  other  observers  in  this  field  of  re- 
search— Barrande,  Dewitz,  Whitfield,  Dawson,  Hyatt,  Holm,  Foord, 
Clarke  and  others. 

Ruedemann's  work  is  based  chiefly  on  the  species  Camerocera^ 
brainerdi  Whitfield,  and  fully  describes  the  delicate  chitinous  and 
chitino-calcareous  parts  of  the  envelope  in  this  species,  which  pre- 
ceded the  formation  of  the  calcareous  shell.  The  assumption  of 
the  calcareous  habit  is  plainly  shown  in  the  individual  history  of 
these  shells,  as  it  is  in  several  of  the  Hyolilhidse  of  an  earlier  date. 
Dr.  Ruedemann's  work  is  abundantly  illustrated  with  wood  cuts  In 
the  text  and  a  series  of  plates  at  its  close.  C.  brainerdi  began  in  a 
small  cylindrical  tube  (endosiphotube,  page  320)  which  became  dif- 
ferentiated by  the  addition  of  an  outward  enclosing  tube  (endosi- 
phocoleon).    The  first  named  tube  fades  out  or  loses  its  chiten, 


t  E.  Haworth  Native  copper  near  Enid.  Oklahoma,  Bull.  Geol.  Soc. 
Am.,   vol.  12.  1901,  pp.  2-4. 

♦Lawrence  Audickp.  Electrolytic  copper,  Electro-chemical  and 
metallurgical    industries,    vol.    3.  1906,   p.   167.   fig. 
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leaving  the  latter  as  the  endosiphon,  Chitenous  or  sub-chitenous 
supports  (endosiphoblades,  &c.)  passing  to  the  walls  of  the  siphun- 
de  held  this  endosiphon  in  Its  place. 

Gerard  Holm  has  found  quite  similar  structuresr  though  not  so 
complete,  in  Vaginoceras  basaliforme.  The  stage  of  the  single 
worm-like  tube  in  Cameroceras  is  rightly  regarded  by  Ruedemann 
as  an  important  accession  to  our  knowledge  of  the  initial  structures 
in  the  early  cephalopods. 

Dr.  Whiteaves'  paper  also  has  plates,  two  in  number  ,which 
present  the  characters  of  two  new  species  of  Endoceratites,  based 
on  the  siphuncle,  from  Canadian  localities,  Nanna  pn'maevus  and 
N.  kingstonensis.  In  the  latter  which  is  represented  by  casts  of 
the  siphuncle,  the  impression  of  the  septal  necks  is  finely  shown, 
and  the  forward  curve  of  the  septal  rings  is  well  marked. 

A.  Karpinsky  has  made  a  fresh  study  of  Schmidt's  genus  Vol- 
borthella  ( V,  tennuis)  from  the  "blue  clay"  of  the  Lower  Cambrian 
of  Reval  in  the  Baltic  provinces  of  Russia.  He  sustains  the  view 
of  Schmidt  that  this  organism  is  a  cephalopod,  since  he  found  It 
characterized  by  a  siphonal  tube.  It  is  a  long  space  in  geological 
time  between  this  organism  and  the  oldest  known  chambered  ceph- 
alopod;  perhaps  the  connection  between  Volborthella  and  the  lat- 
ter has  been  through  some  of  the  shells  classed  with  the  Hyolithidfis 
to  which  Volborthella  bears  a  close  resemblance.  Between  the 
"blue  clay"  and  the  Beekmantown  horizon  four  Cambrian  faunas 
intervene — Paradoxides,  Olenus.  Peltura  and  Dictyonema — in  which 
no  recognized  orthoceratites  are  known.  w.  u, 

The  Copper  Handbook,  a  Manual  of  the  Copper  Industry  of  the 
World.  Vol  \\  for  the  year  1904.  Compiled  and  published  by 
HoRACH  J.  Stevens  Pages  882.  Houghton,  Mich.,  1905. 
This  is  the  fifth  yearly  issue  of  a  very  comprehensive  and  use- 
ful handbook.  It  contains  chapters  on  the  history,  geology,  chem- 
istry and  mineralogy,  metallurgy,  and  uses  of  copper;  a  glossary 
of  mining  terms;  details  of  copper  deposits  in  all  parts  of  the 
world;  a  very  extensive  alphabetic  list,  in  C83  pages,  describing  all 
the  copper  mines  of  the  world,  and  noting  all  companies  engaged 
in  copper  production;  and  statistics,  in  38  pages.  Concerning  the 
very  important  and  recent  uses  of  this  metal  for  telegraph  and  tele- 
phone wires  and  a  multitude  of  other  electric  appliances,  the  com- 
piler writes:  "Copper  is  the  foundation  of  the  Electric  Age,  just 
as  it  was  the  fundamental  metal  in  the  Age  of  Bronze,  some 
millenniums  ago.  *  ♦  *  A  full  enumeration  of  the  electrical 
uses  of  copper  would  require  a  volume."  w    u. 

The  Honorable   Peter    Whit  -.     A    Biographical   Sketch    of  the    Lake 

Superior  Iron  Country.      Hy   Ralph   D.   Williams        Pages    205; 

with  many  portraits  and  other  illustrations.     Cleveland,   Ohio, 

1905. 

A  very  interesting  biography  of  the  most  prominent  promoter 
of  the  mining  of  iron  ores  in  the  upper  peninsular  of  Michigan  is 
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here  presented,  with  chapters  also  on  the  great  iron  ranges  of 
Wisconsin  and  Minnesota.  The  marvelously  large  and  growing 
traffic  that  passes  through  the  Sault  Ste.  Marie  canals,  both  on  the 
United  States  and  Canadian  sides,  and  the  semi-centennial  celebrar 
tion  of  the  opening  of  the  first  canal  there,  are  very  fully  treated. 
Not  only  biography  and  history,  but  the  economic  development  of 
the  lake  Superior  region,  so  far  as  it  has  depended  on  Iron  ore 
production,  are  vividly  depicted;  and  in  all  the  wonderful  progress 
of  that  region  during  the  past  fifty  years  the  subject  of  this  bio- 
graphy was  a  conspicuous  part.  w.  u. 
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Notes  on  Fossils  Obtained  at  Sankaty  Head,  Nantlcket  in 
July  1905. — Through  the  kindness  of  members  of  the  Nantucket 
Maria  Mitchell  Association  I  was  fortunate  enough  to  make  a  suc- 
cessful collecting  trip  to  the  exposure  at  Sankaty  Head  in  July  of 
the  past  summer.  By  the  united  efforts  of  the  party  a  section 
through  the  fossiliferous  beds  was  laid  bare  and  then  worked 
systematically.  The  results  of  the  collecting  in  this  manner  and 
also  by  looking  over  the  loose  material  were  very  gratifying.  The 
material  thrown  out  in  the  previous  year's  excavating  by  Mr.  J. 
Howard  Wilson  was  well  worked  over  by  the  rains  of  the  previous 
winter  and  spring.  In  the  small  gullies  at  the  base  of  this  material 
small  shells  and  crab  claws  were  easily  seen  although  very  hard 
to  see  in  the  freshly  exposed  material.  As  a  result  of  this  search- 
ing a  considerable  number  of  small  shells  and  crab  claws  were 
obtained. 
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One  of  the  finds  here  was  a  single  specimen  of  Scala 


' ,  making  the  first  specimen  of  this  species  known  from 

these  deposits.  The  specimen  was  excellently  preserved.  A  single 
specimen  of  Scala  groenlandica  Perry,  was  found  here  many  years 
ago  and  was  noted  in  the  writer's  previous  list  of  the  Sankaty  Head 
fossils. 

Another  species  of  interest  was  Ceritbiopsis  greenii  C.  B.  Adams, 
of  which  but  very  few  specimens  have  been  found  at  this  locality. 
This  specimen  was  also  excellently  preserved,  showing  the  proto- 
conch  complete. 

Among  the  smaller  shells  collected  were  several  species  of 
Odostomla.  Of  these  the  two  species  previously  reported  from 
Sankaty — Odostomia  impressa  Say  and  O.  triSda  Gould, — ^were  the 
most  common,  the  former  being  represented  by  at  least  three  times 
as  many  specimens  as  the  latter.  Besides  these  two  species  there 
were  found  O.  fusca  C  B.  Adams,  O.  bisut oralis  Say,  and  O,  semi- 
nada  C.  B.  Adams.  These  three  species  have  not  previously  been 
reported  from  Sankaty. 

Among  other  things  of  interest  was  the  finding  of  Area  pon- 
derosa  Say  In  situ,  both  valves  being  together  and  in  the  position 
of  life.  This  species  was  previously  known  from  this  locality  by  a 
single  valve  found  by  the  writer  among  the  material  collected  by 
Dr.  Scudder.  Other  pelecypods  were  found  in  the  lower  layer  with 
both  valves  attached  and  the  shell  in  the  natural  position.  This 
tends  to  show  that  the  shells  of  this  layer  at  least  are  in  situ  and 
not  secondarily  deposited. 

The  crab  claws  collected  included  three  species.  They  were 
identified  by  Miss  M.  J.  Rathbun  as  Callinectes  sapid  us  Rathbun, 
Eapanopeas  berbstii  Milne  Edwards  and  Neopanope  texana  sayi 
Smith.  The  last  was  much  more  common  than  either  of  the  other 
species. 

In  the  collection*  at  Nantucket  were  found  two  other  species 
of  very  considerable  interest  as  they  were  unknown  from  this 
locality  at  the  time  of  publication  of  the  former  list  (Am.  Oeol.  voL 
xxxiv.  Sept.,  1904).  These  include  a  specimen  of  Sipbo  atimpsoni 
Mdrch,  with  an  excellently  preserved  protoconch  and  a  large  speci- 
men of  Cbrysodomus  decemcostatas  Say.  This  latter  is  a  fairly 
complete  specimen,  part  of  the  body  whorl  being  broken  away,  but 
the  spire  in  good  shape. 

Joseph  A.  Cushman. 
Boston  Society  of  Natural  History y  September ^  1905. 

Field  Geology  in  Ohio  State  University.  E2ach  spring  term  an 
elective  course  in  Field  Geology  is  offered  by  professor  Prosser  for 
advanced  undergraduate  and  graduate  students.  The  purpose  of 
the  course  is  to  acquaint  the  student  with  the  formations  as  they 
are  seen  in  the  field  and  to  train  him  in  the  methods  of  investigar 
tion  employed  by  the  working  geologist  The  course  consists  of 
field  excursions,  laboratory  work  and  study  of  library  references. 
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In  the  field  the  formations  are  carefully  studied,  identified  and 
measured  preparatory  to  .making  sections  and  writing  detailed 
descriptions  which  ultimately  take  the  form  of  a  thesis.  In  the 
laboratory-,  characteristic  fossils  of  the  various  formations  are 
Identified  and  the  literature  of  the  region  under  investigation  care- 
fully studied.  Last  term  fifteen  students  registered  in  this  course, 
two  of  whom  were  girls,  and  the  latter  were  as  energetic  and  en- 
thusiastic as  the  men.  The  usual  equipment  for  the  trips  consisted 
of  barometers,  hand-levels  and  staff,  tape  lines,  hammers,  chisels, 
collecting  bags  and  camera.  A  trip  was  made  each  Saturday  dur- 
ing the  term,  with  one  exception,  although  the  spring  was  un- 
favorable for  field  work  on  account  of  the  frequent  and  heavy 
rainstorms. 

Ohio  state  university  is  well  situated  for  geological  work  since 
every  formation  of  central  Ohio  is  readily  reached  by  one  or  more 
of  the  numerous  steam  or  electric  railways  radiating  from  Colum- 
bus. Every  formation  of  the  state  from  the  Richmond  to  the  Alle- 
gheny inclusive  was  studied  in  the  field  save  the  local  and  rela- 
tively unimportant  Hillsboro  sandstone.  The  distance  traveled 
aggregated  about  500  miles. 

The  longest  and  most  Interesting  trips  from  the  standpoint  of 
stratigraphy  and  paleontology  were  to  Zanesville  In  Muskingum 
county  and  to  Waynesville  in  Warren  county.  The  latter  occupied 
two  days  and  included  trips  to  the  beautiful  gorges  at  Cedarville, 
Clifton  and  Yellow  Springs.  Goe's  Station  to  the  south  of  Yellow 
Springs  was  also  visited,  at  this  time,  where  the  mottled  clays  of 
the  Saluda,  the  Belfast  bed  and  Clinton  limestone  are  excellently 
shown  in  a  small  ravine  near  the  former  residence  of  Mr.  Goe.  The 
heavy  rains  had  thoroughly  washed  all  of  the  small  gullies  on  the 
hillside  and  the  mottled  clays  of  the  Saluda  were  shown  at  their 
best.  All  of  the  sub-divisions  of  the  "Niagara"  of  Ohio,  with  the 
exception  of  the  Hillsboro  sandstone,  were  studied  at  Yellow 
Springs,  Clifton  and  Cedarville.  The  Osgood  or  Niagara  shale  is 
best  exposed  on  the  bank  of  Cascade  glen  at  Yellow  Springs,  while 
farther  up  the  stream  are  outcrops  of  the  West  Union,  Springfield 
and  Cedarville  limestones.  The  gorge  of  the  Little  Miami  river 
below  Clifton  is  famous  as  one  of  the  most  picturesque  localities 
in  southwestern  Ohio,  its  banks  formed  by  the  Springfield  and 
Cedarville  limestones.  On  Massie's  creek,  however,  a  little  below 
Cedarville  is  a  vertical  cliff  which  is  one  of  the  most  interesting 
places  in  this  region  since  it  shows  the  contact  of  the  Osgood  shale 
and  West  Union  limestone,  the  entire  thickness  of  the  West  Union 
and  its  contact  with  the  superjacent  Cedarville  limestone.  In  this 
vicinity  Is  a  most  clearly  marked  old  channel  of  the  creek,  the  bed 
of  which  is  now  dry  and  covered  with  grass.  The  Monroe  forma- 
tion, or  Waterlime  of  the  Ohio  reports,  occurs  to  the  west  of 
Columbus  and  one  day  was  devoted  to  the  study  of  several  of  its 
outcrops    which    involved    a    tramp   of   some    twelve    miles.    The 
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Devonian  limestones  and  shales  are  excellently  exposed  on  the 
Scioto  river  and  its  tributaries  and  the  various  formations  of  the 
Waverly  series  on  the  streams  to  the  east  of  Columbus  within  a 
distance  of  from,  ten  to  thirty-five  miles.  All  of  these  formations 
were  carefully  studied  using  for  a  guide  the  recent  papers  of 
professor  Prosser  in  which  they  have  been  fully  described.  The 
youngest  Carboniferous  formations  studied  were  seen  at  Zanesville, 
sixty  miles  east  of  Columbus,  where  the  Lower  Mercer  limestone 
occurs  in  the  bed  of  the  Muskingum  river,  and  Putnam  Hill  and  the 
adjacent  ones  show  the  succeeding  members  of  the  Pottsville  and 
Allegheny  formations  as  high  as  the  Freeport  sandstone. 

George  F.  Lamb. 
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Mr.  J.  E  Spurr  of  the  U.  S.  Geol.  Sur.  has  resigned  to 
accept  a  position  with  the  Guggenheim  Exploration  Co. 
Mr.  Spurr  has  been  connected  with  the  survey  for  ten 
years  and  was  previously  with  the  Minnesota  Geol.  and  Nat. 
Hist.  Survey.  He  has  written  reports  on  the  Mesabi 
range,  the  Mercur,  Aspen,  Monte  Christe,  Klondyke  and 
Tonopah  districts  and  was  to  have  studied,  the  Goldfield 
district  this  year.  His  work  there  will  be  taken  up  by  Mr. 
F.  L.  Ransorae. 

We  are  gratified  to  learn  that  we  have  been  misin- 
formed in  regard  to  a  change  in  the  geological  survey  of 
Michigan. — Dr.  A.  C.  Lane  is  still  the  able  director  of  that 
survey.  During  the  present  season  much  active  work  is 
going  on.  Professor  Russell  is  making  an  examination  of 
the  surface  geology  in  the  Upper  Peninsula,  and  Mr.  Frank 
Leverett  of  the  United  States  survey  is  on  the  same  problem. 
They  are  working  in  cooperation.  And  at  the  same  time 
professor  C.  A.  Davis  of  the  university  is  studying  the  de- 
velopment and  ecolog\'  of  the  peat  bog  flora.  Mr.  W.  C. 
Gordon  is  completing  a  careful  cross  section  of  the  copper- 
bearing  formation,  to  determine  the  diflferent  horizons,  near 
the  Wisconsin  line.  Professor  W.  M.  Gregory  is  finishing 
his  report  on  Arenac  county.  Mr.  W.  F.  Cooper  is  working 
on  the  Wayne  county  report  and  watching  the  shaft  going 
down  to  rock  salt,  near  Detroit.  The  state  geologist  is  en- 
gaged in  detailed  studies  in  the  copper  region. 

Since  the  recent  reorganization  of  the  Louisiana 
Survey  two  volumes  have  been  published  on  the  geology  of 
the  state,  and  are  known  generally  as  the  "Report  of  1899" 
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and  the  "Report  of  1902."  In  preparing  the  "Report  of 
1905"  it  has  seemed  advisable  owing  to  the  diversity  of 
subject  matter,  to  publish  the  same  in  parts  and,  as -usual, 
.style  such  parts  "Bulletins."  Bulletin  No.  i — Underground 
Waters  of  Louisiana;  Bulletin  No.  2 — Magnetic  Survey  of 
Louisiana;. and  Bulletin  No.  3 — Tide  Gage  Work  in  Louisi- 
ana, have  already  been  published  and  may  be  had  gratis 
by  addressing  Dr.  W.  R.  Dodson,  director  Experiment  Sta- 
tion, Louisiana,  at  Baton  Rouge,  La.  For  the  reports  of 
1899  and  1902  address  "Director  Sugar  Experiment  Sta.," 
Audubon  Park,  New  Orleans,  La. 

Students  in  the  Intercollegiate  summer  field  course  in 
the  geology  of  the  Appalachian  region  spent  the  first  week 
in  studying  the  formations  of  the  Coastal  Plain  of  Maryland 
under  the  direction  of  Dr.  Clark  of  Johns  Hopkins  univer- 
sity and  Dr.  Miller  of  Bryn  Mawr  college.  Professors  Bib- 
bins  of  the  Woman's  college  of  Baltimore,  Cleland  of  Wil- 
liams college  and  Westgate  of  Ohio  Wesleyan  university 
were  also  members  of  the  party.  The  boat  of  the  city  en- 
gineer of  Baltimore  and  the  private  yacht  of  the  governor  of 
Maryland  were  generously  placed  at  the  disposal  of  the  par- 
ty which  greatly  facilitated  the  work.  The  second  week 
under  the  direction  of  professor  Davis  of  Harvard  was  spent 
in  central  Pennsylvania  in  studying  the  Appalachian  struc- 

•  ture  and  physiography.  Professors  Cleland,  Westgate, 
Prosser  of  Ohio  State  university  and  Rice  of  Wesleyan  uni- 
versity of  Connecticut  participated  in  this  work.  The  third 
week  was  spent  studying  the  formations  of  central  New 

.  York,  with  headquarters  at  Syracuse,  under  the  direction 
of  professor  Hopkins  of  Syracuse  university.  From  Wed- 
nesday to  Saturday  of  this  week  Section  E  of  the  American 
Association  for  the  Advancement  of  Science  was  in  session 
at  Syracuse  and  the  following  well  known  geologists  partici- 
pated in  some  of  the  excursions :  Rice,  Prosser,  Taylor  of 
Indiana,  David  White  of  the  U.  S.  Geol.  Sur.,  Hovey  of  the 
American  Museum  of  Natural  History,  Fairchild  of  Roches- 
ter university,  Cushing  of  Western  Reserve  and  Grabau  of 
Columbia  university.  The  party  left  Syracuse  Saturday 
with  professor  Cushing  who  directetd  the  study  of  the  pre- 
Cambrian  crystalline  and  Ordovician  formations  of  the  Mo- 
hawk valley  during  the  fourth  week  of  the  course. 
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!n  years  progress  in    the    mammalian    PALiCONTOL- 

OGY  OF  NORTH  AMERICA.* 
By  Prof.  Hbnkt  Fairfield  Osborn,  LL.  D-,  D   8c. ,  New  York. 

^Fembers  of  the  Congress, 

I  believe  that  what  you  as  specialists  in  the  many  di- 
verse branches  of  zoology  most  desire  to  hear,  are  the 
salient  results  of  our  recent  explorations  in  America,  and 
their  broader  bearings  on  the  general  principles  of  zoology. 

In  1878,  the  late  professor  O.  C.  Marsh  published  his 
notable  address  entitled:  Introduction  and  Succession  of 
Vertebrate  Life  in  North  America^,  Fifteen  years  later  I 
published  a  somewhat  similar  review  entitled:  Rise  of  the 
Mammalia  in  North  America^.  In  the  ten  vears  which 
have  elapsed  exploration  has  not  only  been  on  a  larger  scale* 
than  ever  before,  but  also  more  thorough  as  well  as  guided 
by  the  constantly  broadening  aspects  of  the  science. 

The  initial  plan  of  the  palreozoological  survey  under- 
taken by  the  American  Museum  was  threefold:  it  was  so  far 
as  possible  to  secure  not  only  d)  a  complete  representation 
of  certain  families  of  mammals,  as  was  done  for  mono- 
graphic purposes  by  Marsh  (i.e.  Dinoccrata,  Hrontotheriidcc) 


•  A(ldr':'.ss  of  Pnif.  H.  F.  Osborii  at  \ho  InterriMtional  ConKn-ss  of  Zoo- 
logy, Berne.  August,  iy<wi.  H»'printeil  from  tiie  Comply- Koudu  of  the 
Congres.s    by    permission    of   the   secretary. 

2  Proc.    AvK^r.    Assoc.    A(l\.    t?rl..    Nashville,    lsT7.    pp.    211-258. 

3  Amer.   Jour.   Sci.   13,  xlvi.  1S»3,  pp.  ;j7J«-3!»2;   44.S-4^K. 

4  Large  e(.llertions  liavr  b«>on  seeiir***!  by  tht*  Museums  of  Priiiceton 
T'niver.sity  ami  the  T'niversity  of  California,  by  thf'  <.'arnef!:ie  Museum 
Piitsburi?h,  the  Field  Columbian  Museum,  ChicaKo.  and  .some  few  addi- 
tions have  been  made  to  tlie  famous  collection  brouji^ht  together  by 
professor    Maksh    at    Yale     Tniversity. 

The  l.>en.irtment  of  Vertebrate  Palaeontology  in  the  American  Mu- 
seum of  Natural  History  wa--  founded  with  thi*  i)resent  writer  as  Curator 
In  18&i.  Associated  with  him  at  various  times  were  the  following  zonlo- 
grists  and  pala**ontologists:  Messrs  Wohtman,  Mattiikw,  Eaklk.  (tidlby 
and  Brown.  Fossil  mammals  ]>rought  from  the  West,  secured  by  ex- 
change, and  by  purchase,  including  the  entire  collection  <if  thf  late 
professor  Edward  D.  Cope,  now  number  9^73.  Th<*  Copb  Reptilian  and 
Amphibian  Collection   is  also  in  the  American  Museum. 


200  The  American  Geologist.  October,  1905 

(2),  a  complete  representation    of    certain     contemporary 
faunas,  as  was  done  chiefly  by  the  late  professor  Edward  D. 
Cope  (e.  g.  the  Puerco  and  John  Day  faunas),  but  in  addition 
(3)  to  secure  complete  phyletic  series  of  various  families  of 
mammals  in  successive  geological  horizons  from  their  intro- 
duction to  their  extinction   (compare  Fig.  2).    in  each  of 
these  features  of  our  plan  we  have  been  rewarded  with  a 
success  far  beyond  our  most  sanguine  expectations.     Our 
large  collections  studied  by  friendly  cooperation  in  connec- 
tion with  those  of  other  institutions,  and  large  collections 
studied  independently  in  other  institutions,  notably  Prince- 
ton and  the  Carnegie  Museum,  have  naturally  brought  into 
a  new  light  some  of  the  important  general  principles  of 
palseozoology. 

T.     Progress  in  the  General  Principles  of  Palaeozoology. 

Pal^oyeography — The  first  broader  bearing  is  that  of 
past  distribution  and  palaeogeography,  in  which  the  accuracy 
of  our  records^  and  thoroughness  of  our  search  are  working 
a  revolution.  W'c  are  finding  the  remains  of  animals  which 
have  recently  arrived  from  South  America,  Asia,  Europe* 
and  Africa',  and  it  would  be  impossible  to  narrow  the  field 
of  American  fossil  mammalog\'  even  if  we  desired  to  do  so. 
The  broad  study  of  intercontinental  evolution  and  relations 
of  the  mammals  is  absolutely  essential  to  a  philosophical 
understanding.  Those  who  have  followed  the  rapid  recent 
progress  of  i)alaeontology  know  that  this  spirit  of  uniting 
palaeontology  ever  more  closely  with  distribution  and  palaeo- 
geography is  that  which  constantly  animates  the  older  as 
well  as  many  of  the  younger  workers  in  this  field. 

Zoological  methods — Zoology  in  the  sense  of  studying 
extinct  forms  as  living  organisms  is  also  becoming  closer 

day  by  day,  and  we  arc  now  enjoying  the  recognition  by 

mammalogists  (\\'cber^  IJeddard')  of  the  absolute  necessity 

of  coupling  the  study  of  ancestral  with  that  of  the    recent 

forms  in  all  (juestions  both  of  distribution  and  of  classifica- 


■■*< 


1  Matthew,      W.      D.        A      Provisional      Classification      af     the      Frtstvwater 
Tertiary    of   the     West.      Bull.  Amer.  Mus.   Nat.  Hist.,  vol.  xii,  1899,   pp.  19-77. 

2  OsBORN,     H.     F.      Faunal     Relatians    of    Europe    and    America    during    the 
Tertiary    Period.        Ann.  N.   Y.  Acad.  Sci..   vol.  xiii.  1IW>.  pp.  46-56. 

3  Ohborn,    II.     F.     •  Theory    of    Successive    Invasions    of   an     African     Fauna 
into    Europe       Ann.    N.    Y.    Acad.    Sci.,    vol.    xiii,   1900,   pp.   56-58. 

1  Die    Saufrethiere        S°,    Jena.    1904. 

2  Mammalia,     The  Cambridge  Natural  History,  8*>,  1902. 
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tion.  In  connection  with  distribution  our  chief  advance  has 
been  to  determine  the  exact  geographical  location  and 
chronological  succession  of  animals,  the  local  conditions  of 
geological  deposition  in  relation  to  habits  and  habitat  or  en- 
vironment, as  well  as  its  bearing  upon  the  study  of  past  cli- 
mates, or  what  may  be  called  palaeometeorolog>'. 

Adaptive  radiation^  continental — In  connection  with 
the  comparison  of  mammals  in  their  intercontinental  as  well 
as  in  their  continental  relations,  the  branching  system  of 
Lamarck  and  the  divergence  which  impressed  Darwin  is 
perhaps  most  clearly  expressed  by  the  word  **radiation"*. 
Elsewhere  the  conception  of  adaptive  radiation  has  been 
fully  developed  in  connection  with  the  origin  of  certain 
orders*. 

It  may  here  be  briefly  pointed  out  that  Africa',  South 
America,  North  America  and  Eurasia  prove  to  have  been 
the  three  chief  geographical  centres  of  ordinal  radiation. 

Adaptive  radiation^  locals — Quite  as  important,  al- 
though not  carried  on  so  grand  a  scale,  is  the  local  adaptive 
radiation  which  brings  about  a  diversity  of  type  in  the  same 
geographical  regions  and  is  the  basis  of  the  polyphyletic  law 
of  which  we  shall  next  speak.  It  is  perhaps  best  illustrated 
by  the  Ungulates.  In  addition  to  (i)  digital  reduction 
(Kowalevsky)  and  (2)  carpal  and  tarsal  displacement 
(Cope,  Osborn)  in  relation  to  the  choice  of  harder  and 
softer  ground,  there  is  recognized  (3)  after  the  primary  con- 
version of  semi-unguiculate  into  ungulate  types,  a  reversed 
conversion  of  ungulate  types  into  clawed  types,  as  seen  in 
Dichdbune  (Artiodactyla),  Chalicoiherium  (Perissodactyla), 
and  perhaps  in  an  incipient  stage  in  Agriochoema  (Artiodac- 
tyla)  ;  (4)  secondary  adoption  of  aquatic  habits,  as  seen,  for 
example,  in  the  Aniynodontidae  among  the  Rhinocerotoidea. 
Divergence  by  the  above  factors  has  long  been  recognized. 
There  are  also  to  be  seen  phyletic  series  combining  in  vari- 
ous ways  either  of  the  following  eight  conditions  of  foot, 


8  0((BORN    H     F.,     Risf    of   the     Mammalia.       Proc.    Amer.    Association, 
Adv.  Scl..  vol.  xlli.  ISIC.  p.  2l5. 

4  Adapth^e    /Radiation    of     Orders     and     Families         Ann.   N.   Y.   Acad,   Scl. 
vol.    xiii,    1900,    pp     49-51. 

5  Ann.   N.    Y.    Acad.   Sci.   xiii,   1900.   pp.   50-58. 

6  Osborn.    H.    F..    The    Law    of   Adaptive    Radiation.      Amer.  Nat.   xxxvi, 
1902.    pp.    353-363. 


(5)   Mesaticephaly 


(8)   Mcsatipody 
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skull  and  tooth  structure,  which  are  not  found  to  be  neces- 
sarily correlated : 

Primitive  Condition.  Secondary  Condition. 

(6)  Elongation  (dolichocephaly) 
of  skull 

(7)  Abbreviation      (brachyceph- 
alv)  of  skull 

(9)   Elongation  (dolichopody)  of 

limbs 
(to)  Abbreviation      (brachypody 
of  limbs 

,     .    ,.,      ,        ,     ^  f     (12)   ElonG:ation  (hypsodonty)  of 

(II)   Brachyodonty       j     ^  ^^^^^^  ^  ^^ 

Law  of  correlation. — The  bearing  of  these  observations 
on  Cuvier's  law  of  correlation  is  to  modify  rather  than  to 
displace  it.  It  may  be  restated  as  follows^:  The  feet  (cor- 
related chiefly  with  limb  and  body  structure)  and  the  teeth 
(correlated  chiefly  with  skull  and  neck  structure)  diverge 
independently  in  adaptation  respectively  to  securing  (feet) 
and  eating  (teeth)  food  under  diflPerent  conditions;  each 
evolves  directly  for  its  own  mechanical  functions  or  pur- 
poses, yet  in  such  a  manner  that  each  subserves  the  other. 
Thus,  for  example,  there  is  a  frequent  correlation  between 
dolichocephaly,  dolichopody  and  hypsodonty,  as  in  certain 
of  the  fjpddae;  hut  there  are  so  many  exceptions  to  such 
correlation,  because  of  the  separate  adaptive  evolution  of 
each  orii^an,  that  it  would  be  entirely  impossible  to  predict 
the  structure  of  the  tooth  from  the  structure  of  the  claw, 
or  vice  versa. 

Law  of  analogous  etiolation. — One  of  the  most  impor- 
tant advances  of  the  past  decade,  for  which  the  way  was 
largely  prepared,  in  the  j)revious  decade,  by  Scott's  papers 
on  Oreodon^  Poebrotherltim  and  Me^sohippus^  has  been  the 
clear  recognition  of  this  law.  These  phenomena  give  rise  to 
an  enormous  number  of  analogies  (homoplasies,  parallel- 
isms, C()n\'ergences)  not  only  of  structure  but  of  entire 
types,  of  families,  and  of  groups,  very  confusing  to  the 
seeker  of  real  ])hyletic  relationship. 

1  Osborn.    Ainer.    Nat.    x\xvi.    liK»2,   p.   363. 
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Evolution  in  part  determinate.  — As  regards  the  modes 

and  factors  of  evolution',  the  continuous  stages  of  evolution 
which  we  are  securing  among  the  horses,  camels,  rhinocer- 
oses, and  many  other  families,  afford  opportunities  which 
have  never  been  afforded  before.  We  are  with  adaptive 
characters  from  their  birth  or  genesis,  through  their  prime, 
ir.to  their  decline  and  death.  Through  this  unique  oppor- 
tunity for  observation  has  been  confirmed  a  view  of  evolu- 
tion long  sliared  by  most  if  not  all  palieon  to  legists,  verte- 
brate and   invertebrate,   but   naturally   not   understood  or 


shared  by  other  z 
ent  nature  of  cvii 


ologists  because  of  the  essentially  differ- 
■nce.     I  refer  especially  to  the  theory  of 
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the  definite  or  determinate  origin^  and  development  of  cer- 
tain  at  least  of  the  new  adaptive  structures,  apparently,  but 
not  certainly  according  to  the  principle  to  which  Waagen 
applied  the  term  mutation'.  The  mutation  of  the  palaeon- 
tologist, however,  is  quite  distinct  from  the  phenomena  of 
minute  saltations  to  which  de  Vries  has  applied  Waagen's 
term  in  his  valuable  experiments^. 

Potential  of  similar  evolution — In  connection  with  ana- 
logous, but  especially  with  partially  determinate  evolution, 
we  not  only  have  the  similarly  moulding  influences  of  simi- 
lar habits,  and  the  action  of  the  various  factors  of  evolution* 
w^hich  we  cannot  stop  to  discuss,  but  clear  evidence  of  the 
existence  of  a  potential  of  similar  evolution,  a  kind  of  latent 
homology  v;hich  determines  that  when  certain  structures 
are  to  appear  among  animals  independently  derived  from  a 
common  stock,  they  will  appear  at  certain  definite  points 
and  not  at  random.  For  example,  the  genesis  of  the  rudi- 
ment of  the  horn  in  three  independent  phyla  of  Eocene  titan- 
otheres  is  at  exactly  the  same  point,  namely,  at  the  point  of 
junction  of  the  frontals  with  the  nasals  at  the  side  of  the 
face  just  above  the  eye. 

The  poly phyletic  law, — Partly  as  an  outgrowth  of  the 
synthesis  of  the  above  principles  and  partly  as  the  result  of 
new  discoveries  and  the  closer  study  of  types  already  known 
is  the  full  recognition  of  the  polyphyletic  law.*  If  we  ex- 
amine the  phylogcnies  of  Huxley  and  Cope,  and  even  those 
of  more  recent  v/riters  (Scott,  Osborn.  W'ortman)  of  a 
decade  ago,  v/e  find  that  the  attempt  is  made  for  example, 
to  trace  the  pedigrees  of  the  horses  and  rhinoceroses  in  a 
monophyletic  inaniior.  The  first  known  instance  of  this  kind 
was  Huxley's  ])e(ligrec  of  Eqmis  through  lUpparion^  Anchi- 
thertnm  and  Palaeotherbnn^  all  of  which  are  now  known  to 

belong  to   entirely   distinct   phyla.     Another   instance   was 
'  ~- — . ... 

1  OsBoRx.  H  F.  The  /\iliiC(>ntohgica/  F.vidctuc  for  the  Transmission 
of     Accquircd      Characters.       ,\ni«T.     Natunilist,    vol.    xxiii.    ISSO.    p.    562. 

2  S((»TT.  W  B.  On  Variatiou.i  and  Mutations.  Amer.  Jour.  Sci.  vol. 
xlviii.    Nov.   IsJM.  pp.  .^n.VHT-l. 

1  E1k<  wlicif-  this  profound  difforcnce  between  pnlaeontoloj^ical  muta- 
tiori.'^  and  tlie  mutation.^  of  de  Vrit'.<  is  car«^fully  i)ointfMl  out.  See  "Osborn 
Present  Proldems  of  I'aKu'o-ntology'".  address  before  St.  Tx)ui.s  ConiHrress 
of  Scionee  and  Art.  September.  1I<<4.  linst  printed  in  Popular  Science 
Iklonthly.    Decenibor.    1(VM. 

2  O^BOHN,    H      F.     St.    T,ouis    Address.     I.oc.    cit.    supra. 

3  08B0RN-,  H.  F.  The  Fens<odactyls  typically,  polyphyletic.  Science, 
N.    S.,    vol.    xvi,    1W2,    p.    715. 
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the  comparatively  recent  effort  to  trace  all  rhinoceroses 
through  the  Oligocene  Aceratherlum  oocidentale  Leidy  as 
the  stem  form. 

The  polyphyletic  law  is  an  outgrowth  of  four  different 
kinds  of  evidence.     First,  that  the  stem  forms  are  very  much 
older  than  we  supposed  them  to  be ;  we  placed  them  in  the 
Pliocene  and  Miocene,  they  have  now  been  traced  to  the 
Oligocene  and  Eocene.     Second,  as  a  consequence  of  this, 
certain  modern  genera  of  mammals  have  their  own  ancestry, 
apart  from  that  of  closely  related  genera,  as  far  back  as  the 
Oligocene  and  perhaps  Eocene.     The  most  conspicuaus  ex- 
ample of  this  is  the  tracing  back  of  the  Dholes  (genus  Cyon) 
among  the  Canidae,  to  an  Oligocene  form,  showing  that  Cyon 
separated  from  Cania  in  the  Eocene     (Wort man  and  Mat- 
thew)^.    Third  the  polyphyletic  law  is  the  result  of  local 
adaptive  radiation  or  divergence  apparently  of  habit  either 
by  choice  or  by  necessity.     For  example,  among  the  horses 
it  separates  off  the  grazing  types  (Protohippna)^   which  are 
naturally  progressive,  from  the  browsing  types    (Ibjpoldjp- 
pu%\    which  are  naturally  conservative,  both  found  in  the 
same  locality  (Fig.  4).     It  thus  splits  up  animals  living  in  a 
single  region  into  a  number  of  contemporaneous  types  or 
genera  which  may  coexist  throughout  long  periods :  it  is  a 
segregation^    functional  rather  than  adaptive.     Fourth,  the 
polyphyletic   law   results   from   the   invasion   into  a   region 
of  a  generic  or  specific  phylum  which  has  evolved  on  an- 
other  coiftinent :    for   example,    the    Kurasiatic       Teleocera 
came  in  among  the  American   rhinoceroses  in  the   Middle 
Miocene, 

This  polyphyletic  law  has  now  been  demonstrated 
(  Osborn')  among  the  rhinoceroses  l)oth  of  Eurasia  and  of 
North  America,  and  is  the  key  to  the  comprehension  of  this 
group;  in  Fig.  3  printed  herewith  it  is  shown  that  there  are 
not  only  three  families,  namely,  cursorial  (Hvracodontidae), 
aquatic  (Amynodontidse).  and  terrestrial  (Rhinocerotidae), 
but  that  the  last  familv  splits  up  into  six  and  possil)lv  seven 
phyla,  many  of  which  are  contemporaneous;  and  the  ten- 


1  The    Ancestry    of    Certain    Members    of    the     Canidae.        the  I  'iveniiitie,    and 
Procyonidae     Bull.    Anier.    Mus.    Nat.    Hi.^t..    vol.    xii.    1S.W.    pp.    l;{•.•-11^. 

2  Pkylogeny      of     the     Rhhwrerosei     of    Europe.        Bull.    AnuT.    Mus.    Nat. 
Hist.,   vol.    xiil,    1000,   pp.   220-267. 
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dency  of  discovery  will  be  to  increase  rather  than  to  dimin- 
ish the  number  of  contemporaneous  independent  phyla. 
Similarly  the  Eocene  titanotheres  instead  of  forming  a  suc- 
cessive monophyletic  series,  divide  into  four  distinct  phyla, 
t£)  each  of  which  a  generic  name  must  be  given.  Similarly 
again,  the  lower  Oligocene  titanotheres*,  as  shown  in  Fig. 
7,  divide  into  four  phyla,  three  of  which  have  been  traced  in 
successive  stages  from  the  bottom  to  the  summit  of  the 
Oligocene,  each  giving  off  several  collaterals,  all  living  in 
the  same  region  and  found  in  contiguous  beds,  but  probably 
having  a  slightly  different  local  habitat  and  habits.  The 
law  is  illustrated  again,  as  shown  in  Fig.  4,  both  in  the  Olig- 
ocene and  Miocene  horses ;  in  the  Oligocene,  for  example, 
w-e  have  five  contemporaneous  lines  of  horses  (Osborn*, 
Gidlev),  one  of  which  includes  the  classic  Meaohippua 
bairdi  of  Leidy,  which  was  long  considered  the  single 
Oligocene  horse,  and  figured  as  such  in  all  phylogenies;  in 
the  Upper  Miocene  beside  the  Protohippxis  which  still  ap- 
parently is  most  nearly  ancestral  to  Equus,  we  find  as  con- 
temporaries, the  browsing,  forest-living  Ilypohippus  and 
the  grazing  and  highly  c\\Tsov\^^  Neohippai'iaii^  A  compari- 
son of  the  phylogeny  of  the  Camelidae  (Fig.  5)  published  by 
Wortman^  in  1898  on  the  monophyletic  basis  with  that  pub- 
lished by  Matthew"  in  1904  dn  the  polyphyletic  basis,  shows 
the  rapid  progress  which  has  been  made  in  the  demonstra- 
tion of  the  polyphyletic  law.  Similar  results  are  apparent 
from  <uir  ])reliniinary  studies  of  the  IVoboscidiae  in  America. 
Many  able  contemporary  workers.  es])eciallv  Schlosser  and 
Deperet.  are  also  bringing  forth  new  illustrations  of  this  law 
in  ]uir«)j)e. 

3  AVti'  Afoccne  Khtnoccroses  -with  Revisum  of  Known  Species.  liull. 
Ani»  r.    Mus.    Njit.    Hist.,   vol.    xx.    VM)A.    pp.   3<»7-326. 

4  Tfit'  Four  Ph\la  of  U/ifTocefte  Titunofhcres.  Bull.  Amer.  Mus.  N;\t. 
Hi.«-t..    vnl.    xvi.    Fob.    1JM»2.    pp.    :*l-l<»f^. 

5  S\w  O'iscocene  Horses.  lUill.  Aiikm'.  Mus.  Nat.  Hist.,  vol.  xx,  Mav. 
lJ«<tl.   P.M.    167-171*. 

1  I'hf  Extinct  CamcUidac.  lUiU.  Amor.  Mus.  Nat.  Hist.,  vol.  x,  ISiS, 
pp.  :<.;-i4L'. 

•J  .\':>!ice  of  tivo  Xnv  Oligocene  .  Cnmcls.  Bull.  Amor.  Mus.  Nat.  Hist., 
v»»l.    XX.    1:kM,   pp.   211-215. 
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Modern  Fauna,  Higher  Placental  Radiation. 
Archaic  Fauna,  Lower  Placental  Radiation. 
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11.  Progress  of  Discovery  and  the  Xew  Phylogcnctic  Prob- 
lems Suggested  Therelty. 

My  purpose  in  this  soclion  is  to  give  a  brief  resume  of 
the  progress  during  the  ]>a.st  ten  years,  and  in  our  present 
state  of  knowk'dgf  to  point  out  where  exploration  and  re- 
search should  principally  be  directed. 

The  general  advance  has  been  made  iit  five  distinct 
lines,  which  appear  ti>  mark  out  also  the  main  lines  for  fu- 
ture research.  First,  the  biological  value  uf  more  accurate 
geological  records  (Gimi>are  Fig.  11.  has  been  rocognize<t; 
as  a  result  the  mannnalia  have  been  chnmuiogically  segre- 
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gated  into  successive  life  zones  similar  to  those  which  have 
long  been  developed  in  invertebrate,  palaeontology;  these 
life  zones  in  some  cases  subdivide  not  only  the  periods 
(Eocene,  Miocene,  etc.),  but  also  subdivide  the  stages 
(Bridger,  Unita),  etc.  Second,  not  only  have  these  clearer 
chronological  subdivisions  been  made,  but  the  faunas  have 
been  separated  according  to  their  kinds  and  the  nature  of 
the  deposits,  into  those  which  inhabited  respectively  the 
lowlands  and  rivers,  forests,  plains,  and  uplands.  The  ad- 
vance of  physiography  has  been  felt,  and  by  the  careful 
work  of  Hatcher^  Matthew',  and  Gidley',  the  theory  of 
fluviatile,  flood  plain,  and  aeolian  deposits  has  tended  to  re- 
place the  theory  of  great  lakes  or  lacustrine  deposits.  Third, 
there  has  accordingly  been  brought  about  a  modification  of 
our  views  as  to  the  meteorological  or  climatic  phases  of  the 
Tertiary  period,  in  the  direction  of  extending  the  idea  of  tl]e 
existence  of  great  dry  plains  with  drifting  sands  favorable 
to  Aeolian  deposits  chiefly  in  the  Lower  Pleistocene,  Plio- 
cene and  Miocene ;  we  speak  less  of  a  moist,  subtropical,  and 
more  of  a  drier  climate.  Fourth,  the  zoogeographical  rela- 
tions of  the  North  American  faunas  to  those  of  other  con- 
tinents have  become  much  more  clearly  understood  (Os- 
horn^)  in  connection  with  more  exact  geological  records  not 
onlv  bv  the  addition  of  manv  new  forms  ffom  the  Eurasiatic 
radiation  hithertc)  unknown,  but  also  by  observing  more 
precisely  the  time  of  arrival  of  Eurasiatic  migrants  in  the 
Lower.  Mid-  and  l'])pcT  Miocene  and  of  South  American 
in  the  Pleioceiie.  Fifth,  the  phylogcnetic  succession  has 
become  nmcli  clearer  and  more  direct,  although  a  vast 
amount  remains  to  l,e  done.  The  se})arate  branches  of  the 
mammalian  phyletic  tree  have  been  successfully  traced  back 
farther  and  farther  toward  the  hegiimings  of  the  Tertiary, 

1  Origiu     of   the     OltKoccne     ami     Miocene      Feuosits     of     the      Great     Plains 
Proc.   Aiii^r.   Pliilos.   S«ic..   xli.    Xo.   169.  Apr.   1902. 

2  Is     the      White-    Rirrr      Tertiary     an      Aeolian    Formation         Amer.    Nat., 
xxxiii.    May.   IM'I*.   pp.    4<'3-4<^. 

3  Fossil     Mum  ma /^     of     the      Tertiary       of     Northeastern      Colorado,        Mem. 
AiiKM-.    Miis.    Xiit.    FJist..    vol.    1.    pt.    vii,    Nov.    \\m. 

4  The    Fresh-i'ater     Tertiary     of     Xnrth-western      Texas.        Bull.  Amer.   Mus. 
Xnt.    Hist.,   vol.    yix.    1!H'.';.    \^\^.   ••,iT-r<io. 

5  Matthew    and      (iiULEV.      AVti-     or     Little     Kmrnn      Mammals     from     the 
Miocene    of    South     Dakvta.        lUill.   Amor.    Mus.    Xat.    Hist.,   vol.  xx",  pp.  241- 

0  Fauttal     h'elation^      of      F.nti.me     and     America.      Science,      vol.    xi.    April, 

r.Hxi.  pp.  ioi-:;u. 
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with  resultant  changes  in  our  classification.  Perhaps  the 
most  signal  taxonomic  result  of  this  phylogenetic  progress 
is  in  the  clear  definition  of  certain  genera,  notably  among 
the  rhinoceroses  (Osborn^  Thomas'),  as  shown  in  Fig.  3; 
it  has  proved  to  be  absolutely  necessary  for  the  sake  of 
clearness  to  recognize  a  number  of  genera  which  many  sys- 
tematists  (Flower,  Lydekker)  have  considered  simply  syno- 
nyms of  the  genus  Rhinoceros.  Sixth,  the  chief  morpholo- 
gical result  is  the  discrimination  of  sexual  characters,  espec- 
ially among  the  male  and  female  forms',  which  in  many 
cases  by  Marsh  and  Cope  had  been  considered  as  distinct 
species.  The  recognition  (Osborn*)  that  progressive 
dolichocephaly  and  brachycephaly  profoundly  modify  all  the 
characters  of  the  skull  and  the  teeth  on  the  principle  of  cor- 
relation, also  represents  a  morphological  advance. 

The  independent  and  more  or  less  cooperative  field  t)r 
museum  work  of  Scott,  Osborn,  Wortman,  Matthew, 
Hatcher,  Douglass,  Gidlev,  Peterson,  has  been  instru- 
mental  in    fordwarding    these   chief   lines   of   progress. 

The   Older   Mesozoic   Fauna. 

Unfortunately  the  efforts  of  the  American  Museum  to 
find  more  of  the  Protodonta  (Dromotherium^  Microconodon) 
from  the  Upper  Trias  or  Rhaetic  have  proved  unavaliing. 
The  relation  of  these  animals  to  the  Theriodont  reptiles  has 
been  suggested  (Seelev).  but  the  single  bone  of  the  jaw 
rather  sustains  their  relation  to  the  mammalia.  The  groove 
on  the  inner  side  of  the  jaw  of  all  Mesozoic  and  some  recent 
mammals  is  now  recognized  as  the  Meckelian-cartilage 
groove  (HcHsley'). 

In  the  Upper  Jurassic  or  Lower  Cretaceous  mammalia 
of  the  Como  beds  we  must  also  admit  that  no  progress  has 
been  made  to  determine  whether  these  animals  represent 
both  Insectivora  and  Marsupialia  and  perhaps  Monotreniata 
(Osborn),  or  whether  they  are  all  Marsupialia^  (most  Eng- 

1  Phyhgeny  of  the  Rhinocfroses  of  Europe.  Hull.  Amer.  Mus.  Nat. 
HlHt..    vol.    xlil,    inoo,    np.    220-267. 

2  Notes  on  the  Type  Speifmen  of  Rhinoceros  lasiotis  Sciiifer  with 
Remarks  on  the  Generic  Position  ot  the  Living  Species  of  Rhinoceros. 
Proc.    Zool.   Soc.    Lond..    June   4,   1i*«4.   pp.    154-15S. 

8  The  Cranial  F.volution  of  Titanotherium.  Bull.  Amer.  Mus.  Nat. 
Hist.,   vol.   viii.   1SJ*6.   pp.   157-1M7. 

4  Dolichocephaly  and  brachyccphah  in  che  Lower  Mammals.  Bull. 
Amer.   Mus.  Nat    ITi.^nt..   v{.l.    xvi,   VM^,  pp.  77-SD. 

5  On  the  Identification  of  Meckelian  and  Mylohyoid  Grooves.  I'niv.  of 
Toronto   Studies  Biol.,   Ser.   3.   Vj^,   pp.   75-81. 
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lish  authors).  A  re-study  (Osborn*)  of  the  structure  of  the 
upper  molars  in  the  Yale  Museum  collection  strengthens  the 
tritubercular  theory  (Cope,  Osborn)  of  the  origin  of  the 
upper  molar  teeth. 

The  Upper  Cretaceous  Fauna. 

Here  again  the  relatively  modernized  (Osborn*)  ani- 
mals of  the  Upper  Cretaceous  or  Laramie,  although  care- 
fully revised,  still  require  elucidation  from  the  rich  collec- 
tion in  the  Yale  L^niversitv  Museum.  Marsh's  statement 
that  certain  of  these  animals  are  Marsupials  has  been  fully 
confirmed  by  Matthew,  a  fact  which  is  striking  in  the  ab- 
sence of  any  present  evidence  of  Marsupials  in  the  American 
basal  Eocene. 

The  p'rescnt  relations  of  these  Laramie  animals  to  those 
of  the  Basal  Eocene  (Puerco,  Torrejon  has  been  somewhat 
strengthened  by  the  recognition  of  the  ancestors  {Meni9- 
coessns)  of  Poly  mastodon,  also  by  the  supposed  recognition 
of  forms  related  to  the  Amblypoda,  especially  to  the  Peri- 
ptychidae  (Osborn)  ;  but  forms  certainly  ancestral  to  the  Cre- 
odonta  and  other  Eocene  mammals  have  not  vet  been  rec- 
ognized. 

The   Basal   Eocene   Fauna. 

In  this  fauna,  commonly  known  as  Puerco,  great  pro- 
j:j:ress  has  been  made. 

1\vo  sharply  dctin'.'d  faunal  stages  have  been  distin- 
guished (W'ortnian),  a  lower,  Puerco  i)roper,  and  an  upper, 
Torrejon  (Matthew*).  (Compare  Fig.  1,  2).  The  latter  is 
more  nearly  contemporaneous  with  the  Basal  Eocene 
(Ccrnaysien)  of  l*>ance.  Fortunately,  in  Montana,  a  new 
locality  l^as  Ihhmi  discnxered  for  these  very  archaic  mam- 
mals in  the  V^rX  Union  l)eds  ( r)onglass\  Farr)  which 
pron-'ises  to  extend  (Uir  knowleclgc  of  this  fauna. 

Tlie  zoogeoi^rapliical  relations  of  this  fauna,  already 
estal^lished   by   some     ])arallels     with     the     Cernaysien  of 

1  Amkohino.      F1.      I.0S      Dtprotodontcs     del     orden     de     los      Plagiaulacideos. 
An,    Mus.    Nac.   BiUMirs-Ain's.   t.    ix,    II^'H.    pp.   S1-1I»2. 

2  PahieontoJog'ical    Eridence    for    the.     Orifritail     Tritiibermlar     Theory,        Amer. 
Jour.   Sri..    v(»l.   xvii.    Aniil,   1I.<M.   pp.   321-:'.23. 

3  Foasil    Mammals    of    the      U}>})€r     Ctetaceous.         Bull.    Arncr,    Mus.    Nat. 
Hist.,   vol.   V.  i.v:;.  pr>.   yii.   ;].{■•. 

4  Mattiikw.     a    AVvisJoft    of   the    Puerco    Fauua.      Bull.  Anu-r.   Mus.   Nat., 
inst.    \ol.    ix.    l.ViT.    pp.   lV»<»-2»:i. 

5  A     Cretaceous    and    Loivcr     Tertiary     Sectioft      in      South     Centra/     Afontana 
Proc,    Amor.    Phil.    Soc.    vol.    xli.    19()2.    No.    170.    pp.   207-224. 

) 
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France,  have  been  perhaps  extended  by  discovery  of  the 
Xotostylops  beds  in  Patagonia  (Ameghirioi).  Faunal  unity 
with  the  extremity  of  South  America  if  confirmed  will  be 
of  great  significance;  it  appears  to  be  probable  but  perhaps 

not   absolutely   demonstrated. 
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The  most  important  single  phylogcnetic  result  is  the 
strong  evidence  which  has  !)cen  brought  forward  for  the 
ancestral  relati<niship  of  the  T^niodniita  (danodoiita)  of  the 
Torrejon  to  the  Gravigrade  Edentata  (W'ortman'),  borne 
out  by  careful  comparison  fif  many  parts  of  the  skeletons 
'of  Psittacoiherium  and  allied  forms  with  those  of  the  gravi- 
grade  sloths.     Indirect  i)roof    of     the     early     existence  of 
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•Edentates  in  North  America  has  come  to  hand  in  the  dis- 
covery of  Dasypoda  in  the  Middle  Eocene  (Osborn^). 

Another  observation  which  may  prove  to  have  very 
broad  phylogenetic  bearings  is  the  evidence  of  arboreal  an- 
cestry in  the  structure  of  the  feet  of  the  Creodonta,  Condy- 
larthra  and  Amblypoda  (Matthew)  ;  it  has  not  yet  been  as- 
certained whether  this  evidence  is  of  the  same  nature  as  that 
which  exists  in  the  feet  of  the  Marsipials  (Huxley,  DoUo, 
Bensley).  With  this  exception  attempts  to  bring  these 
essentially  archaic  Placentals  nearer  to  the  Marsupials  have 
not  been  successful.^  The  single  direct  link  with  the  higher 
Placentals  which  has  even  been  alleged  to  occur  in  these 
beds  is  the  supposed  Viverravus  of  the  Torrejon.  The 
opinion  has  therefore  been  expressed  (Osborn*)  that  these 
animals  should  be  sharply  separated  from  the  higher  pla- 
centals and  placed  in  the  Meseutheria. 

Among  the  unsolved  problems  in  this  Basal  Eocene 
fauna  is  also  its  source,  or  ancestry,  which  has  only  in  part 
been  traced  into  the  Cretaceous  fauna.  We  require  fuller 
evidence  as  to  the  relationship  with  the  Notostylopa  fauna 
of  Patagonia  (Ameghino),  also  a  positive  demonstration 
that  the  Tseniodonta  are  really  ancestral  to  the  Edentata. 
In  other  words,  the  phylogenetic  connections  of  these  Basal 
Eocene  Placentals  of  North  America  and  Europe  are  cir- 
cumscribed ;  the  sanguine  view  of  Cope  that  they  contain 
the  sources  of  the  modern  Placentals  which  first  appear  in 
the  Lower  Eocene  has  not  been  realized;  none  of  these  ani- 
mals give  us  the  stem  forms  of  the  true  Carnivores,  Peris- 
sodactyls  or  Artiodactyls  of  the  Lower  and  Middle  Eocene. 
LowKK,   Middle  axd  Uppkr  Eocene  Faunas 

I'lic  chief  geological  and  faunal  progress  has  been  in 
the  P)ri(lger  n>artonicn)  and  L^inta  (Ligurien)  stages,  cor- 
responding to  the  Middle  and  L'pper  Eocene,  which  have 
at  last  been  clearly  and  sharply  divided  into  two  successive 
faunal  stages  for  the  IJridger  (Matthew,  Granger),  and  two 
successive  faunal  stages  for  the  L'inta  (Peterson,  Osborn)! 
The  importance  of  these  divisions  in  the  evolution  of  the 

\  An    Armadillo    from    the    Middle      Eocene      {Bridget')     of     North    Amerir^in 
Bull.    .AnnT.    Mus     Mat.    Hist.,    vol.   xx.    ItuM.    pp.    163-I«r). 

2  WoRTMAX.      Studies     of     Eocene      Mammalia      in      the      Marsh      Collection. 
Part    I.   Cainlvora.    Amer.  Jour,   Sci..   vols,   xi-xiv.  1901.  1902. 

3  A    Division    of    the     Eutherian     Mammals.      Trans.    N.    Y.    Acad.    Scl., 
June    I,    1894.    d.   234. 
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Primates,  Carnivores  and  Perissodactyls  can  hardly  be  over- 
estimated. 

At  the  same  time  the  zoogeographical  relationships  of 
our  Lower  Eocene  (Soissonien)  have  been  extended  by  the 
discovery  of  a  French  Creodont  (Pa/wontctis)  in  America 
and  of  an  American  Creodont  (  Pachyacna)  in  France.  Still 
more  surprising  and  important. is  the  discovery^  in  the  Mid- 
dle Eocene  of  Dasypoda  {Metacheiromya  ) ,  armadillos  with 
canine  teeth  and  with  provision  for  a  stout  leathery  if  not 
osseous  carapace.  This  absolutely  establishes  the  Cretac- 
eous if  not  Basal  Eocene  zoogeographical  relations  of  North 
and  South  America,  and  adds  another  fact  to  the  growing 
evidence  that  North  and  South  Amierica  were  related  in  the 
Mid-Cretaceous  and  perhaps  Early  Tertiary  and  then  sepa- 
rated again  until  the  Pliocene. 

Our  phylogenetic  results  have  been  mose  encouraging 
in  some  directions  and  most  baffling  in  others.  Still  more 
striking  than  ever  before  is  the  fact  that  the  Lower  and 
Middle  Eocene  fauna  of  Perissodactyla,  Artiodactyla,  Car- 
nivora.  Cheiroptera.  Monkeys,  and  true  Rodents,  an  essen- 
tiallv  modern  fauna,  is  without  anv  known  direct  affiliation 
with  the  Basal  Eocene  fauna  (Meseutheria)  (Compare  Fig. 
2).  Mingled  with  this  essentially  modern  fauna  are  the 
numerous  survivors  of  the  archaic  fauna,  namely,  the  Cre- 
odonta.  Condylarthra,  Amblypoda,  with  which  should  cer- 
tainly be  reckoned  the  Edentata  (Parathcria,  Thomas)  and 
probably  the  Insectivora. 

The  phylogenetic  successions  of  the  families  within 
these  archaic  orders  have  been  much  more  clearly  traced, 
namely,  the  pedigree  and  adaptive  radiation  of  the  Creo- 
donts  into  s])ecializations  of  various  kinds'.  Among  the 
Amblypoda  the  law  of  long-skulled  and  short-skulled  phyla 
has  again  been  found  to  prevail,  in  proof  that  the  genera 
about  which  there  was  such  a  heated  discussion,  namely, 
Tinoceros  as  a  relatively  short-skulled  form  and  Loxolopho- 
dan  as  a  relatively  long-skulled  form,  really  represent  two 
valid  and  distinct  phyla. 

1  Osborn,    H.    F.    Ah    Armadillo  from    the     A  fiddle     Eocent     {Bridgert     of 
North    America.      Hull.  Ann-r.   Muh,  Nat.  Hist.,  vol.  xx.  IIKM,  pp.   163-165. 

2  Matth»w.     W.     D.     Additional  Odsenation%     on     the     Creodonta        Bull. 
Aaier.  *MU8.    Nat.    HLst.,   vol.    xiv,  1901.   pp.   1-3S. 
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Among  the  modernized  Placentals,  we  have  added  noth- 
ing to  our  knowledge  of  the  supposed  Cheiroptera.  An  im- 
portant step  is  the  proposed  transfer  to  the  Insectivora  of 
the  genus  IlyopsodiLS  which  has  long  figured  among  the 
Primates  (Wortman'),  a  relationship  which  will  be  settled 
by  material  now  in  our  possession.  Among  the  remaining 
undoubted  Primates  (Osborn')  there  is  the  series  of  Anap- 
tomorphidae  which  still  resemble  the  Tarsiidae  more  than 
any  of  the  other  lemurs,  or  true  monkeys,  although  their 
actual  relationships  are  absolutely  undeterfnined.  The 
second  family  of  Primates,  represeilted  by  the  Notharctidae 
{Notharctus  and  Limnotherium)  and  other  forms,  has  been 
placed  near  the  South  American  Cebidae  by  Wortman^,  but 
this  also  requires  the  confirmation  or  disproof  which  will 
soon  be  forthcoming;  if  South  American  relationships  are 
established  for  these  Primates,  a  very  much  mooted  problem 
will  be  solved. 

Among  the  Perissodactyla  the  Titanotheres  (Osborn*) 
have  split  up  into  four  phyla,  one  of  w-hich  (Palaeo^yops) 
(lied  out,  while  the  three  remaining  phyla  independently 
accjuired  rudimentary  horns  {Telmatotherlum^  Manteoceras 
Dolichorhifius)  and  apparently  gave  rise  to  the  evolution 
of  the  four  j^hyla  of  great  Oligocene  titanotheres.  Among 
the  Artiodactyla  the  rare  Middle  Eocene  forms  still  require 
elucidation.  l)ut  the  Caniclidie  have  been  traced  definitely 
into  ilie  (liniinutive  Upper  Eocene  (Uinta)  Protylopus 
( Scott ^  W'ortman').  Two  distinct  phyla  of  Oreodontidae 
have  also  l)c'cn  traced  l)ack  in  the  Upper  Eocene  into  the 
,i2:cnera  Protayrichoerus  and  Protoreodon  (Scott).  Anunig 
tlie  enemies  of  these  animals,  the  Canidx  have  been  traced 
into  tlie  U])])er  I'^ocene  genera  Prodaphaenus  and  TJintacyon 
and  Marsh's  Middle  lM)cene  Vulpavus  has  also  proved  to 
he  a  member  of  the  true  Canidrc.  althoui^h,  its  relationships 


'A  SfNt/it-^    of    lio.tiK:     .\fiimnuiliii.         I'art    II.    Anirr.    Jour.    Sci.,    vol.    xv, 

M  ly.    i:mi:;.   p.    m. 

4  Amefiiiin  liocue  I'liwateSy  rtc.  I^iill.  Amkt.  Mus.  Nnl.  Hist.,  vol. 
xvi.    1!»^'2.    pp.    IHU-2ii. 

1   WouTM*\      On.     at  ,     An^'T.    Jour.    t->-.    vol.    xv.    11«13,    pp.    409-411. 

1  The  Four  J'/ir/a  of  Ol^uoca  e  rit,ni.;t/it-Tfs.  Hull.  Amor.  Mus.  Xat. 
Il.ist..    vol.    x\i.    11'  J.    pp.    !»1-1"''. 

1  The  Selewniont  Artiudactxls  ->/"  the  Uinta  Eocene-  Trans.  WaKnt-r 
Fr»  o    hist.    sN'i.    I". -I.    vi.    is'l;.,    p. '!••<». 
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FIG.    4. 
Tks  PafyphyUtk  Law  Illustrated  in  the  Evolntion  of  ths  EquidoB  of  North  Amtrica 

In  the  Miocene  are  at  least  four  contemporary  phyla  of  horses,  the 
extrenie.s  beingr  represented  by  the  forest-living  horse  Hypohipvus^  and 
the  llgrnt-Iinihed  Neohlpparion;  the  central  form,  Frotohippus,  apparently 
leading  to    Equus. 

This  true  Equus  line  separated  off  from  other  horses  as  far  baok 
as  the  base  of  the  Oligocene.  In  this  period  again  Ave  distinct  contem- 
porary phyla  have  already  been  foun< 


r 


are  not  exactly  determined  (Wortman,  Matthew).  The 
supposed  ancestry  (Wortman)  of  the  Felidae  in  the  Eocene 
in  the  problematical  genus  Aelur other inm  has  been  dis- 
proved  (Matthew). 

Still  undiscovered  or  unrecognized  in  the  Eocene  both 
of  America  and  Eurasia  are  the  ancestors  of  the  true  Rhin- 
ocerotidae  which  suddenly  appear  in  the  (Oligocene.  The 
Basal  Eocene  ancestry  of  the'Rodentia  is  still  satisfied  only 
provisionally  by  the  family  Mixodectidae,  belonging  to  the 
somewhat  hypothetical  Proglires  (Osborn*)  ;  the  teeth  seem 
to  be  approaching  those  of  the  Rodents  but  knowledge  of 


2  The     Extinct     Camelidae       Hull.    Amer.    Mus.    Nat.    Hist.,    vol.    x.    1898, 
pp.  9S-142. 

3  Bull.   Amer.    Mus.   Nat.    Hist.,   xvi,   1902. 
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the  skeleton  is  necessary  to  determine  whether  they  may 
not  after  all  be  remotely  related  to  the  Lemurs  (order 
Cheiromyoi(lca)  as  Cope  and  Wortman  have  suggested. 
Wortnian  is  strongly  of  the  opinion  that  the  Elocene  Prim- 
ates (Notharctidse.  Anaptomorphidae)  are  not  Lemuroidea, 
and  that  the  former  family  are  distinctly  South  American; 
this  also  requires  confirmation. 

Search  for  the  exact  relations  and  points  of  connection 
between  the  Carnivora  and  Creodonta,  has  thus  far  been 
entirely  without  definite  success:  in  other  words,  the  true 
Carnivora  seem  to  be  as  separate  from  the  Creodonta  as  the 
true  Perissodactyla  are  from  the  Condylarthra. 

As  regards  the  Artiodactyla,  as  yet  very  little  is  known 
of  the  Middle  and  Lower  Eocene  stages,  among  which  it  is 
especially  important  to  test  the  truth  of  Scott's*  broad  gen- 
eralization that  the  American  Artiodactyla  should  all  be. re- 
garded as  affiliated  to  the  Tyloj)vda  as  a  stem  group  from 
which  not  only  the  Camelidjc  evolved  but  also  the  other 
distinctively  American  Artiodactvls,  such  as  the  Oreodon- 
tidcC.  and  that  even  the  traguloid  forms  are  of  tylopodous 
affinity  and  merely  parallel  or  analoj^ous  to  the  true  Tragu- 
lincs  of  Eurasia.  There  is  no  doubt  that  such  an  adaptive 
radiation  from  a  Tyloj)0(l  stem  is  possible  and  that  there 
is  considcralde  actual  evidence  for  it  in  the  morphology  of 
the  skull  of  these  various  distinctively  American  Artio- 
dact}ls ;  but  the  h\'|)othesis  is  such  a  bold  one  that  we  must 
wait   for   more   material. 

The  chief  |)ro]deni  of  all,  which  is  also  the  problem 
of  the  iMiropt-an  ])alaeontologists,  is  the  source  and  origin 
of  the  niodeni  Lower  Iv>cene  fauna  as  a  whole,  namely,  the 
Carnivora.  IV-rissodaclyla,  Artiodactyla,  Primates,  and  Ro- 
dentia. 

Ameimcan  Oligockm:    Faixas 

(  )ur  (  )lij^ocene  (  Lower  Olif^ocent'  Infra-Tongrien.  Mid- 
dle Stanipicn,  aiul  l'j)per  A(|uitanien.  of  b'urope)  has  been 
the  most  thoroughly  explored  of  any  of  the  ])eriods,  owing 
to  the  richness  of  its  fossil   fauna. 

1'he    chief   geological    result    is    the    se])aration    (^f    the 


4   The    Sehtwdottt    Atiiodactxlcs     o'     (he      L'tu*a     EiHenc\       Trans.    Wagner 
Free    Inat.    Sci.    Phil.,    vi,    ISDO.    p.    l<¥i. 
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FIG.  5. 


The  FolyphyUtic  Lav.'  ami  Local  Adapt  he  Radiation  Illustrated  in  the  Phytogeny  of 

the  Camels. 

On  tlie  left  is  iUuatratod  tlie  older  monophyletic  view  held  as  recently 
a4«  1S!»S;  <m  the  rigrhl,  the  newer  polyphyleiic  view  developed  in  1904  show- 
ing three  distinct   contemporary  lines  of  Camelidae. 

lliiviatile  or  channel  l)ecls,  with  chicflv  lowland  or  bottom 
fauna,  from  seolian  or  backwater  sediments,  chieflv  with  a 
plains  and  cursorial  fauna.  The  three  subdivisions  origin- 
ally observed  bv  Havden  and  Leidv  are  thus  divided  as 
follows : 

I.  Fluviatile  or  Channel  Beds.     II.     -^olian     or     Backwater 

Sediments. 

Upper,  Protoceras  beds Leptauchenia  beds. 

Middle.  Metamvnodon  beds Oreodon  beds. 

Lower.  Titanotherium  beds. 


This  separation  was  chiefly  brought  about  by  Matthew's 
careful  analysis  of  the  animals  coming  from  these  respective 
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* 
beds,  the  former  (I)  including  lowland,  forest  and  river- 
bottom,  and  aquatic  animals,  the  latter  (II)  the  animals  of 
the  plains  and  uplands.  The  John  Day  beds  of  Oregon 
apparently  contain  an  overlapping  fauna  partly  equivalent 
to  the  Upper  Oligocene  and  partly  to  the  Lower  Miocene. 

The  already  v/ell  known  (Cope,  Filhol)  and  close 
zoogeographical  relationships  during  the  Oligocene  of  North 
America  and  Europe  are  strengthened  by  the  discovery  of 
European  Anthracotheriidae,  Mustelidae  {Bunaduru^)  and 
Erinaceidas  {Proterix^  Matthew*)  in  America,  and  of  the 
American  Titanotheriidae  in-  Europe'.  This  leaves  as  the 
chief  families  in  Europe  still  unknown  in  America  the 
.  Palaeotheriidae,  Anoplotheriidae,  Tragulidae. 

Our  faunal  knowledge  has  been  especially  enriched  by 

the  discovery  and  description     of     the     hitherto  unknown 

.   microfauna  of  the  Titanotherium  beds  (Douglass*,  Matthew') 

which  includes  archaic,  Centetes-Wk^  forms,  as  well  as  Erin- 

a ceous -Yiko^  forms. 

The  main  phylogenetic  results  are  the  following.  The 
Creodonta  have  been  definitelv  traced  to  their  extinction  iti 
the  Hyaenodontidae  (Table  II).  Among  the  Canidae  the  an- 
cestral line  of  Cyon  (Dholes)  has  almost  certainly  been 
recognized  in  this  period  in  the  genus  Temnocyon  (Wort- 
man  and  Matthew^)  (Fig.  6).  No  trace  of  Edentata  has 
been  found,  the  forms  formerly  described  as  such  now  being 
known  to  be  the  peculiar  Chalicotheriidae,  probably  of  Peris- 
sodactyl  affinities.  The  rhinoceroses  have  been  traced  back 
in  the  Lower  Oligocene  to  animals  {Trigonias)  with  sev- 
eral incisors  as  well  as  with  canine  teeth  (Osborn^,  Lucas*). 

1  Matthew,  w    d     Ow    M^    Sku//   of    Bunaehnus,    Bull.  Amer.  Mus.  Nat. 
Hist.,  xvi,   VA^l,  pp.   137-140. 

2  A    Fossil    Hedgehog  Jrom     the     American      Oligocene       Bull.   Amer.   Mud. 
Nat.    Hist.,   vol.   xix.   1903,   pp.  227-229. 

8  Tori.A.     Ueber    neue     Wirbelthierreste    aus     detn      Tertiar     Oesterreichs     und 
Rumeltens,      Z<  it.sclir.  d.  Deutsch.  Reolog.  Ge.s.,  Jahrgr.   1896.  pp.  922-924. 

4  Foss.     Mamm.      White     River,      IVans.    Amer.    Philos.    Soc,    n.    s.,    vol. 
XX,    I'Hil.   p.    1-42. 

5  Fhe    Fauna    of   the     Titanothenum     beds.      Bull.  Amer.  Mus.  Nat.   Hist., 
vol.    xix.   1903.   pp.   197-226. 

6  Hull.    Amer.   Mus.    Nat.   Hist.,   vol.    xii,   ISf^.   pp.   139-148. 

1  The     Extinct     Rhinoceroses.       Mem.  Amer.   Mus.    Nat.   Hist.,   vol.   i,  1898, 
pp.  75-165. 

2  A     A>7t'    Rhinoceros,     Trigonias     Osborni.       Proc.    l^    S.    Nat.    Mus.   xxiil. 
No.    12i)7. 
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The  law  of  local  adaptive  radiation  with  its  polyphyletic 
consequences  has  completely  altered  our  conception  of  sev- 
eral Oligocene  families,  as  follows.  The  Titanotheriidae 
(Osborn')  break  up  into  four  genera,  which  evolve  inde- 
pendently from  the  base  to  the  summit  of  the  Oligocene, 
namely,  Titanotherium^  Megacerops^  Symhorodon^  and  Bron 
iotheriufn;  divergence  is  indicated  by  dolichocephaly  and 
brachycephaly  as  well  as  by  other  characters  (Fig.  7).  Sim- 
ilarly the  Equidae  break  up  into  four  and  possibly  five  dis- 
tinct contemporary  phyla,  and  it  now  begins  to  appear  prob- 
able that  the  line  giving  rise  to  Equus,  separated  off  from 
the  other  horses  as  early  as  the  Lower  Oligocene  (Osborn, 
(iidley;  Fig.  4).  The  Oreodontidae.  represented  by  two 
phyla  in  the  Upper  Eocene,  now'  present  three  phyla,  name- 
ly, Agriochoerus^  Oreodon^  Leptauchenia  (Matthew).  Three 
phyla  of  Camelidae  are  also  recognized,  namely,  those  repre- 
sented by  ParatylopHS,  Poebrotheriums  and  PHCudolahis 
(Matthew.  Fig.  5).  Similarly  amf)ng  the  Felidae,  the  jMach- 
ccrodont  division,  the  only  felines  represented  in  America  at 
this  time,  breaks  up  into  the  stout-limbed  Iloplophoneiis 
series  ancestral  to  Alachaerodus  and  Siuilodan  the  slender- 
limbed  jOm^<?^?'^  *,  and  a  third  series  represented  hv Niviravus 
(Fig.  6). 

Among  the  gaps  in  the  Oligocene  is  the  entire  absence 
of  Primates,  the  genera  LaoplthecnH  and  Mtfiot/nrnnn,  for 
merly  associated  with  the  Primates,  proving  to  be  singularly 
primitive  tritubercnlar  Artiodactyls.  An  im|)ortant  ])rob- 
1cm  is  the  actual  relationships  of  the  Artiodactyl  genera  JVo- 
toceras,  Leptomevy^^  HypertragiduH^  and  IlyplfitHbt'i,  which 
according  to  Scott's  theory  above  alluded  to,  represent  with 
the  Oreodontida?  an  independent  radiation  of  American  Arti- 
odactyla  wholly  without  affinity  with  the  luiropean  Tragu- 
lines. 

The  MiocKNK   Fauna. 
In  our  Miocene.  e(|uivalent  to  the  Langbien  (( )rleanais), 
Helvetien  (Sansan,  Simorre),  and  Tortonien  ((irive  St.  Al- 
ban,  Bamboli)  stages  of  Europe,  the  most  exceptional  ])ro- 


3  Bull.   Amor.    Mus.   Nat.    Mist.,    xvi.   i;"»2,    pp.  01-l<m. 

4  Matthew.     Fossil    Mammah    of    the      Tertian,'     of     Xortheastern       (^j/orTth 
Mem.   Amer.   Mus.    Nat.    Hist.,   vol.   1,    i>t.    vi,    19**1. 


^ 
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gress  has  been  made  in  the  distinction  of  the  geological  and 
faunal  zones.  Ten  years  ago  the  accurate  geological  ob- 
servations of  Hayden  were  overlooked,  and  it  was  believed 
that  formations  equivalent  to  the  Middle  and  Lower  Mio- 
cene of  Europe  were  sparsely  if  at  all  representetd.  Now 
three  faunal  stages  are  clearly  recognized  (Scott^,  Matthew', 
Gidley'),  namely:  Lower  (Rosebud  beds),  in  which  the  ani- 
mals arc  still  sparsely  known,  Middle  (Deep  River  beds),  in 
which  the  fauna  is  becoming  more  fully  known.  Upper 
(Loup  Fork  beds),  in  which  a  very  rich  fauna  is  now  fully 
known.  Each  of  these  divisions  is  distinguished  by  specific 
stages  in  the  evolution  of  the  horses,  rhinoceroses,  camels, 
orcodonts,  rodents,  and  carnivores.  These  chronological 
successions  derived  from  geology  have  already  yielded  very 
important  new  biological  results. 

The  zoogeographical  relationships  with  Europe  have 
been  strengthened  by  the  discovery  for  the  first  time  of  Din- 
ocyon  (  Matthew^),  of  a 'new  species  of  rhinoceros  (  Tele- 
oceras  hiconiutits^  Osborn),  closely  similar  to  the  Tdeoceras 
aurelianensis  of  the  Lower  Miocene  of  France,  by  the  rec- 
ognition of  new  Mustelidae  (Lutra),  and  of  the  Castoridae 
{Dipoides) .  The  Proboscidea,  now  known  to  be  of  African 
origin,  are  not  certainly  found  in  the  lower  and  sparsely 
known  in  the  middle,  but  are  fully  represented  in  the  upper 
beds.  In  the  middle  beds  appears  Mastadon  productus, 
rather  derivable  from  the  Palaeomastodfm  oi  Air'ica  than  from 
the  31.  ai^gustidens  of  France. 

Our  views  as  to  the  Miocene  climate  have  also  under- 
gone  a  chanj2:c,  owing  to  the  recognition  that  most  of  these 
deposits  arc  fluviatile  and  neolian  rather  than  lacustrine 
(Matthew,     r,idlcy'),  as  evidence  of  a  dry  climate,  marshv 


1  r/u  Mammalia  of  the  Deep  River  Beds.  Trans.  Amer.  Philos.  Soc, 
xviii.    ISDS,    pp.    55-185. 

2  Foss,    Slamm.    of  the  Tertiary,  etc.    Mem.  A.  M.  N.   H.,  vol.   1,  1901. 

'^  AVh'  or  Little  Knmvn  Mammals  from  the  Miocene.  Bull.  Amer. 
Mus.    Nat.    Hist.,   xx.    1W4,   pp.   241. 

1  A  Skull  of  Dtttorvon  from  the  Miocene  of  Texas.  Bull.  Amer.  Mus. 
Nat.    Hist.,    vol.    xvi.   1(k)2.   pp.    129-136. 

"2  Xew  Miocene  Rhinoceroses.  Bull.  Amer.  Mus.  Nat.  Hist.,  vol.  -xx, 
1904.   pp.   307-320. 

3  Ne-w  or  Little  Kmnvn  Mammals  from  the  Miocene  of  South  Dakota 
Bull.    Amer.    Mus.    Nat.    Hist.,    vol,    xx,    1!K)4,    pp.    241-268. 
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plains,  and  drifting  sands,  rather  than  of  the  moister  climatic 
conditions  inferred  from  the  older  lake  basin  theory. 

Among  the  chief  phylogenetic  results  are  the  addition 
of  at  least  fonr  kinds  of  Canids  (Fig.  6)  and  the  tracing 
back  of  the  Procyonidae  to  the  Lower  Miocene  Phlaocyon 
{  Matthew'),  tending  to  unite  this  phylum  more  closely  with 
the  Canid<e.  The  Mustelidae  are  now  represented  by  Mug- 
telaand  Lutra.  The  Viverridie  and  Ursidse  are  still  wholly 
unrepresented  m  Ar'-erica  al:hciL;;h  evolving  contemporane- 
ously in  Europe.  Among  the  distinctively  American  Artio- 
dactyls  the  Cervtdee  arc  now  recorded  in  the  Middle  Mio- 
cene (^Palaeomeryx),  a  fact  however  stilt  requiring  confirma-. 
tion.  In  this  connection  should  be  mentioned  the  discovery 
of  the  full  characters  of  the  genus     Merycodug  (  C 
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which  with  Blastomeryx  as  the  new  family  Merycodontidae 
has  been  regarded  by  Matthew*  to  be  more  nearly  related 
to  the  American  Antilocapridae  than  to  the  European  Cervi- 
dse,  although  its  deerlike  horns  certainly  suggest  Cervine 
relationships.  Thj  Camelidae  until  recently  considered 
monophyletic  have  been  shown  to  be  in  a  marked  degree 
polyphyletic^,  the  Lower  Oligocene  ParatyUypus  giving  rise 
to  two  phyla,  one  of  which  includes  the  "giraffe  camel," 
Alticamehis  (Matthew^),  which  presents  a  remarkable  anal- 
ogy in  the  elongation  of  its  neck  and  limbs  with  the  giraffes 
of  Africa ;  similarly  Proebrotheriinn  splits  into  three  phyla 
{V\^.  5,  Matthew).  Similarly  the  Orcodont,  and  Agrichoerine 
phyla  have  disappeared  without  leaving  successors.  The  rival 
cursorial  Hyracodontida^  and  aquatic  Amynodontidae  having 
died  out,  the  true  Rhinocerotidse  (Fig.  3)  split  up  into  three 
series,  one  including  the  extremely  long-skulled  and  long- 
limbed  types,  possibly  related  to  the  true  Aceratheriuin  in- 
cisiimni  of  Europe,  a  second  including  excessively  broad- 
skulled  types  (genera  ApJtelops  and  Peractvas  Cope),  and  a 
third  including  the  short-footed  (brachypodine)  types 
{Teleorenis  ),  almost  certainly  of  luiropean  origin.  The 
Tapiridrc  are  still  sparsely  known.  The  aberrant  Chali- 
cotheriidcC  terminate  in  an  ITpper  Miocene  species  which 
nearly  e(|uals  in  size  the  Eower  Pliocene  Ancyl-otherium  of 
the  IMkermi.  The  most  astonishing  discovery  among  the 
RodeiUia  is  that  of  a  member  of  the  Mylagaulidae  with  a 
very  lar^^e  horn  core  on  the  front  i)ortion  of  the  skull 
(genus   CcmUxjmdnH    Matthew"). 

The  ])rincipal  work  still  to  be  done  in  our  Miocene  is 
the  following:  to  ascertain  more  fully  the  character  of  the 
L(jwer  Miocene  fauna,  which  is  still  unknown;  t(5  fix  the 
date  (»f  the  arrival  of  the  earliest  Pr()l)osci(lea  either  early  in 
the  Middle  or  in  the  Eower  Miocene;  to  trace  the  ancestrv 
of  the  t y])ical  dogs  ;  to  ascertain  the  origin  of  the  Cervddae, 
which  will  ])rol)al)ly  prove  to  be  Asiatic,  as  well  as  the 
origin  of  the  peculiarly    Vmerican  Antilocapridse. 


0./      Complete     SkcUfnn  of     MctwmUiS.       Bull.    Amor.    Miis.    Nat.    Hist., 
vol.    XN.    VMW,    pp.    101-12!>. 

0  Xotuc    <if    'l\cii    Xew  Oli^iHt-nc    Camels.       Hull.   Arn^r.   Mus.   Nat.   Hist., 
vol.    xvi.    VMl,  pp.    OlT-aSf). 

1  Fcss.     Mavnn.    of    the  Te7iiaty\      etc.         Mrni.    A.    M.    N.    H.,    vol.    i.    nt. 

vi.  urn.                    '  ' 
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The  Pliocene  Fauna. 

Equivalent  to  Messinien  (Pikermi),  Plasancien  (Cas- 
ino), Astcin  (Roiisillon),  Sicilien  (V'al  cl'  Arno  sup.) 

Our  limited  American  Pliocene  fauna  still  stands  in  sad 
contrast  to  the  rich  succession  of  Pliocene  mammals  of 
Europe.  The  Palo  Duro  mammals  which  Cope  included  in 
the  Pliocene  have  proved  to  be  Upper  Miocene.  Recent 
geological  and  pal?eontological  work  (G  idley')  shows  that 
the  onlv  true  Pliocene  formation  and  localitv  is  that  of  the' 
Blanco  beds  of  Texas,  75  feet  in  thickness,  as  against  the 
rich  successive  Pliocene  series  of  Europe.  Xor  are  any 
species  of  Equiis  found  here,  as  Cope  supposed,  and  as 
might  be  expected  from  the  presence  of  Eqmis  (E,  stenonis) 
in  the  Upper  Pliocene  of  Europe.  The  chief  faunal  distinc- 
tions are  the  entire  disappearance  of  the  Rhinocerotid?e  and 
the  appearance  of  South  American  Mammals. 

The  zoogeographical  changes  are  well  known  to  enter  a 
new  relation  by  the  invasion  of  tlic  South  American  FCdenta- 
ta,  namely,  Glyptodon^  Me(ja(o7\y:r,  MtjJodoii.  Among  these 
a  new  (ilyptodont,  Glyptothei'imn  tcrnjiiim  has  recently  be- 
come known  (OsbornO  from  a  nearly  complete  carapace 
and  ])artial  skeleton,  which  exhibits  primitive  affinities  with 
the  Eocene  types  of  Patagonia.  Among  the  Proboscidea 
the  Stegodont  stage  appears  in  the  so-called  Mitstodon  mir- 
Jicus  (if  Leidy,  indicating  a  late  Pliocene  age  for  the  P)lanco 
formation.  In  the  marine  Miocene  of  Japan  (Iwasaki  and 
Yoshiw^ara")  the  remarkable  discover}*  has  been  made  of  an 
anomalous  skull  representing  a  new  family  {D(S}no8tylidae 
fam.  nov.)  either  of  hypsodont  Sirenia  or  of  Proboscidea, 
and  Merriam^  has  recognized  as  a  similar  form  occurring  on 
the  coast  of  California  the  genus  Defonosfylns  first  noticed 
bv  Marsh. 

The  [)hylogenetic  series  is  all  too  limited,  the  horses 


2  A    Horned    Rodent        P.ull.    Amer.    Mus.    Xal.    Hist.,    v*;'..    Wi.   ll^Vi.    pp. 
291-31(>. 

3  The    Freshwater    Tenian'     of     Xorthuustern      Texas.         FUiU.   AiHi-r.    Mus. 
Nnt.  TUst..  vol.   xi\.  in-ci.  pp.  r,i7-r:?5. 

1  GIvjHotherium      tcxauum  Hull.     Annr.     Mus.     Nat.     Hist.,    xfx,    100.3, 
pp.   491-lJ)!. 

2  Notes    on    a     AV;*'     /•/>«■. »/     Mammal        J<.»ur.    Coll.    of    Sti.     Imp.     Tniv. 
Tokyo,   vol.    xvi,    Art.   5.   19^>2. 

1  Scieme.     n.   s..   vol.   xvi.   Oct.  .'?1,  1902.  P.  714. 
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FIG.  7. 

The    Icnv    of   local    adaptive    radiation    illustrated    in    the    four     phyla     of     OligO' 
cene     Titanotheres^    one    or    more    of   which    gave    off   collateral    branches. 

Three  of  these  phyla  have  now  been  shown  to  have  a  separate  origin 
in  the  Middle  Eocene. 

being  sparsely  represented  by  species  of  Neohipparion  (  Gid- 
ley ')  and  a  doubtful  Pliohippus^  the  Camelidae  by  Pliau- 
chcnia,  the  I)icotylid»  by  several  pieces  of  Platygonus^  the 
Carnivora  by  an  Atnphicijon  and  other  doubtful  species  of 
Canidie.  The  collateral  lines  of  Camelidae,  so  far  as  we 
know,  died  out,  and  the  adaptive  rediation  of  the  true 
camels  beg^ins. 

However,  no  generalizations  can  as  yet  be  made  from 
this  scanty  fauna ;  we  are  confronted  with  more  gaps  in  our 
knowledge  and  more  unsolved  problems  than  in  any  other 
period.  Among  these,  the  "direct  ancestry  of  the  South 
American  cameloids  {Auchenia)  as  well  as  of  the  true 
camels  (  Ca?nelus)  should  be  found.  We  also  should  find 
here  the  stages  directly  ancestral  to  the  horse  (^uvs),  be- 


2  A      A'rtt'      Three-toed     Horse. 
1908,   pp.   465-476. 


Bull.    Amer.    Mus.    Nat.    Hist.,    vol.    xlx. 
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cause  it  now  appears  certain  that  Marsh's  Pliohippua  was 
an  Upper  Miocene  and  not  a  Pliocene  animal,  and  was, 
moreover,  apparently  on  a  side  line  not  leading  directly  into 
Equua  (Gidley,  Fig.  4).  Thus  not  only  is  the  Pliocene 
plains  fauna  sparsely  known  but  the  Pliocene  forest  fauna 
is  wholly  unknown. 

The  pLEisnx^ENK  Fa  in  a. 

Equivalent  to  (i)  the  Preglacial,  Forest  Beds  of  Nor- 
folk (St.  Prest.  Durfort,  Malbattu,  Peyrolles),  (2)  Glacial, 
(Mid- Pleistocene,  Lower  Mid-Pleistocene),  (3)  Postglacial 
deposits  of  Northern  Europe  and  Asia. 

Here  again  American  palaeontology  is  far  behind  that 
of  Europe  as  to  knowledge  of  the  chronological  succession 
of  deposits,  and  a  vast  amount  of  work  remains  to  be  done 
in  the  discrimination  of  geological  and  faunal  stages,  in  the 
comparison  of  Eastern  and  Western  cave — and  sand —  de- 
posits, and  in  the  coordination  of  the  first  appearance  of 
man  with  that  of  the  mammalian  succession. 

The  advent  o£  the  true  Equus  marks  the  base  of  our 
Pleistocene,  as  shown  in  the  sand  deposits  of  the  Western 
plains  in  the  so-called  Equus  beds.  The  geographical  dis- 
tribution and  remarkable  adaptive  variation  of  the  Pleisto- 
cene horses  have  now  been  fully  worked  out  (Gidley*),  prov- 
ing that  there  are  ten  species  characteristic  of  different 
localities,  and  ranging  in  size  from  E,  giganteu^  larger  than 
any  modern  horse,  to  the  diminutive  E.  tnonte^umae.  But 
nowhere  in  North  America  have  horses  been  found  contem- 
poraneous with  man. 

Two  chief  advances  have  been  made,  first,  the  distinc- 
tion of  plains  and  river,  from  forest  faunas;  second,  the 
exploration  of  two  very  remarkable  cave  deposits. 

The  Western  plains  fauna  of  the  Equus  beds  or  Lower 
Pleistocene  (Matthew^)  contains  among  the  Carnivora, 
Canis^  Dinocyon^  Felis;  among  the  Rodentia,  Fiber^  Arviy 
cola.  Cf/nomys,  Thojuovrys^  Caatoroides;  among  the  Eden- 
tata,  Mylodon;  among  the  Perissodactyla,  three  species  of 

8  Tooth  Characters  and  Rei'ision  of  the  Genus  Equus.  Bull.  Amcr. 
Mu«.   Nat.    Hist.,    vol.    Iv,    1.901.   pp.  91-142. 

1  List  of  Pleistocene  Fanna  from  Hay  Springs,  Nobr.  Bull.  Amer. 
Mu8.   Nat.  Hist.,  vol.   xvl,  1902,  pp.  317-322. 
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£quu8/  among  the  Artiodactyla,  two  species  of  the  Dico- 
tyli(l.«;  (  nc  species  of  the  Camelidae,  and  two  of  the  Antilo- 
caprid-^  (  Oapromeyyx^  a  new  form,  Matthew),  and  Antilo- 
capra:  among  the  Proboscidea,  Elephas  columhi  A  similar 
plains  fauna  is  that  of  Silver  Lake,  Oregon,  which  includes 
also  two  aquatic  animals,  Castor  and  Lutra.  At  Wash- 
tuckna  Lake,  Washington,  is  found  a  forest  fauna  which 
includes  in  addition  to  camels  and  horses,  a  badger,  Taxidea- 
three  species  of  Felin^  two  of  Alces,  one  of  the  American 
deer,  Cariacus,  and  one  of  the  goat  Oreamnos  (  Haploceros) 
Our  knowlcdi^e  of  the  Western  cave  fauna  has  been 
enriched  especially  by  the  discoveries  of  Sinclair"*  in  Cali- 
fornia, in  the  Potter  Creek  Cave,  probably  of  late  Pleisto- 
cene aire.  This  includes  an  extremely  rich  series  chiefly  of 
the  mountain  and  forest  type.  Of  fifty-two  species,  twenty- 
one  are  extinct,  including  a  new  member  of  the  Ovinse  in  the 
genus  EuceratkerbuiV  (Sinclair  ).  With  these  animals  are 
associated  relics  i)ossibly  of  human  origin.  In  the  East,  the 
Port  Kennedy  Cave,  also  treated  by  Cope,  has  been  ex- 
hau.Htivcly  investigated  l)y  Mercer',  and  shown  to  contain 
fifty  species  of  manunals,  including  chiefly  forest  types, 
among  which  are  the  Mastodon  (unerlcanus,  a  tapir,  and 
two  species  of  Equns.     Again  no  human  remains  have  been 

m 

found. 

As  regards  ])li\'l()gciiy.  the  horses  are  evidently  poly- 
phylctic;  l)ul  we  ha\e  not  as  yet  worked  out  the  distinction 
between  ])ossi1)le  re])resentatives  of  the  horses,  asses,  and 
zel)ras.  'ihe  Prol)oscidea  have  been  clearly  distinguished 
(]^)lilig,  Lucas,  (  )s1>orn')  into  four  great  types  Mastodon 
iiiHcreianvs  in  llu-  [eastern  and  Middle  ^t^tcs ;  Elej)has  pr  1771- 
igenins  in  the  Xortli.  ])ractically  identical  with  the  north 
Asiatic  Mammoth;  EhphifH  coluiahl  chiefly  in  the  Middle 
States  ])Ut  also  in  the  Southern,  and  FJephas  imperator  in 
the  South  and  ranging  north  to  the  Middle  States;  these 
species  represent   i)ro found ly^  ditTerenl   ty]M.\s  both  in   skull 


2  J'/it-  Exploration  of  the  Potter  Creek  Cave-  Tniv.  Calif.  Publ.  Amer. 
Ar.  h;MMl.    \'    Kthii..    vf»l.    2.    No.   1.    11>04. 

M  Euccyathenum.  I'liiv.  C.ilif.  Publ.  P,nll.  Dopt.  Geol..  vol.  3,  No.  20. 
11M>}.    pj).    n]-41S. 

4  Ihe  Hone  Care  at  Port  Kennedy  J<»ur.  Aonrl.  Nat.  Sci.  Phila.,  vol. 
xi.    i.t.    L\    IS!i!). 

T)  Evolution  of  the  l^rohoseidea  in  North  Ametuan.  Scit-nce,  N.  S.,  xvll, 
Feb.    J3.    HKC,    p.   24&. 
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and  tooth  structure.  Elephas  columhi  is  analogous  to  the 
IXephan  antiquus  type  of  Europe ;  the  EUphan  imperator  is 
rather  analogous  to  the  E  meridian  alls  of  Europe.  It  is 
altogether  probable  that  these  species  evolved  in  Eurasia 
and  arrived  fully  formed  in  America.  Naturally  their  geo- 
graphical ranges  overlap ;  but  E  imperator  is  never  found  in 
the  extreme  North,  nor  E.  primigeniug  in  the  extrenfie 
South. 

In  conclusion,  the  great  problem  of  all  is  the  time  of 
arrival  of  man  amidst  the  Pleistocene  fauna.  This  event 
is  of  such  paramount  importance  that  we  must  prepare  for 
it  by  definitely  determining  the  chronological  stages  of  lower 
mammalian  succession.  At  present  man  appears  to  be  a  late 
arrival,  but  personally  I  have  a  strong  presentiment  that  hu- 
man remains  will  be  found  in  an  earlier  Pleistocene  stage 
than  is  generally  supposed. 


CHIEF  CENTRES  OF  ADAPTIVE  RADIATION  OF  THE  ORDERS 

OF  MAMMALS. 

I. — ^Jurassic  Radiation    (Partly   Hypothetical). 

Monotremata    (Hypothetical,   i.   e.   fossil   forms   not'  yet  rec- 
ognized.) 
Marsupialia  (Triconodonta). 

Placcntalia  (Insectlvora  PrJmltlva,  =  Trituberculata.) 
II. — Marsupial  radiation,  upper  Cretaceous  and  Tertiary. 

Australia  (chief  centre).  Antarctica  and  South  America.  Only 
one  family  (Didelphyidae)  certainly  known  in  North  Amer- 
ica and  Eurasia. 

III. — First  or  lower  placent^ll  radiation,  upper  Cretaceous  and  lower 
Tertiary  (=  Meseutheria  Osborn.) 
North   America   (chief  centre),  Europe.  Africa    (Creodonta)^ 
probably  extending  also  to  South  America. 

a.     Orders  Certainly  Recognized, 
Crcodonta,  surviving  to  Lower  Oligocene. 
Tillodontia,  Middle  Eocene  (possibly  related  to  Rodentia). 
Tacniodonta,  probably  related  to  Edentata  Gravigrada. 
Condylarthra.   surviving  to  Middle  Eocene. 
Amblypoda,  surviving  to  Upper  Eocene. 
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b.  Orders  not  certainly  known  in   Basal  Eocene   but 

probably  belonging  to  this  radiation. 

Insectivora,  giving  rise  to  modem  Insectivora. 
Lemuroidea. 

Kodentia,   Not  yet   certainly   knov/n   earlier  than   Middle 
Eocene. 

rV. — Second  or  Higher  placental  radiation  (=  Ceneutheria  Osborn), 
Middle  Eocene  and  Tertiary. 

A.  Chief  centres  North  America  and  Eurasia,  migrating  to 
Africa  and  South  America. 

a.      Orders  derived  from  first  placental  radiation. 
Edentata  from  Radiation   III    (North  America  only). 
Insectivora  from  Radiation  I  and  III. 
Rodentia. 

h.      Orders  characteristic  of  second  placental  radiation. 
Cheiroptera. 

Carnivora  (Fissipedia  and  Pinnlpedia). 
Primates,  Anthropoidea,  possibly  from  Radiation  III. 
Ferissodactyla,  Lov;rer  Eocene. 
Artiodactyla,  Middle  Eocene. 

c.  Centres    of  origin    unknown. 

Nomarthra   or   Effodientia    (Lower   Oligocene   of   France, 

Necromanis  Filhol.) 
Tubulidcntata    (First   appearing   in    Lower   Oligocene    of 

France,  Palteorycteropus  Filhol). 

B.  Chief    centre    Africa,     migrating     in     upper     Oligocene 

(Sirenia),  lower  Miocene  (Proboscidea).  and  Pliocene 
(Hyracoidca)  to  Europe,  to  Asia  (Hyracoidea).  Also 
to  North  and  South  America  (Proboscidea). 

firenia.   Middle   and   Upper  Eocene. 

Proboscidea,  Middle  Eocene. 

Hyracoidea,   Tapper  Eocene. 

Arsinoithorium. 

Baryt  helium. 

C.  Chief  centre  South  America. 

a.      Aiitocthonous  orders. 
Litopterna. 
Toxodontia. 
Typotheria. 
Astrapotheria. 
Pyrotlieria. 

h.      Autocthonous  or  derived  orders,  in  part. 
Edentata,    Suborders:    Lorigata    (Giyptodontia   and   Dasy- 

poda),  Pilosa  (Gravigrada,  Tardigrada,  Vermllingua). 
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Thus  the  degree  of  zoological  kinship  of  the  continents 
may  be  expressed  as  follows : 

I.     Close  kinship  of  North  America,  Asia  and  Europe 
(=  Holarctica),  having  all  pre-Miocene    Orders 
in  common,  and  separated  only  by  the  indepen- 
dent radiation  of  certain  families. 
Separation  of  Africa  as  a  pre-Miocene  centre  of  at 

least  three  orders  not  found  in  Holarctica. 
Strong    separation    of    South  America    from    the 
Eocene  until  the  Pliocene.     Affiliation  with  Aus- 
tralia. 


2. 


3. 


SOMEytfEOLOQICAL  OBSERVATIONS  ON  THE  CENTRAL  PART 
OF  THE   ROSEBUD  INDIAN   RESERVATION, 

SOUTH  DAKOTA. 

By  Alrekt  B.  Keaoan,  Mora.  Wash. 

PLATE  Xy. 

CONTENTS. 

1.  Map. 

2.  Introduction. 

8.  Sections. 

4.  Formations  in  Detail. 

(A)  Pierre  Sliales. 

(B)  Oligocene. 
iC)    Arikaree. 

(D)  OjfaUala  (?) 

(E)  Glacial  (?) 

(F)  Recent. 

5.  Bad  Lands. 

6.  Buttes. 

7.  Rattle   Snake  Butte. 
S.    Minerals. 

9.  Soil. 

10.  "Water  (color,   taste,    alkali). 

11.  Sink- holes,   ponds  and  lakes. 

12.  Springs. 

13.  Streams. 

(A)    Why  the  southern  tributaries  of  White  river  are  building 

up  their  channels  in  their  middle  courses. 
iB)    Change  of  Drainage  Courses. 

(C)  Why  White  river  has  all  of  its  tributaries  on  its  southern 
Bide. 

14.  Irrigation. 

The  refT^ion  under  consideration  extends  from  Valen- 
tine, Nebraska,  north  to  beyond  White  river,  the  northern 
boundary  of  the  Rosebud  Indian  reservation ;  and  both  to 
the  east  and  to  the  west  of  the  White  Thunder  day  school 
of  that  reservation  a  distance  of  about  twenty-five  miles.  It 
is  wholly  within  the  "high  plains"  region,  and  is  a  grazing 
country  without  trees  of  any  sort  except  along  its  streams. 
Geologically  the  following    formations    are    exposed:    the 


\ 
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Recent  and  Glacial ;  the  Ogallala,  Arikaree,  and  Oligocene 
Tertiaries ;  and  the  Pierre  shales  of  the  upper  Cretaceous. 

Sections. 

1.  Section  on  the  blaff  east  ot  Little  Oak  Creeks  ons  mile  east  at 
the  Ring  Thunder  day  School. 

Oligocene :  Feet    Inches 

1.  Yellow  thin-bedded,  somewhat  porous  limestone 40 

Pierre  Shales: 

2.  Black  shale  streaked  with  yellow  bands  of  iron  ore. .     10 

3.  Black  shale,  carrying  concretions  of  iron  in  which 

are  occasional  Baculite  fragments 40 

2.  Section  in  the  Bad  Lands  four  miles  due  east  of  the  Little  White 
river  issue  house. 

Arikaree:  Feet    Inches 

1.  Sand   15 

Oligocene: 

2.  Light  colored  shale 90 

3.  White,  concretionary  stratum 4 

4.  Light  colored  shale  having  an  olive  cast  when  wet. .       5  4 

5.  Hard  white  limestone  stratum 6 

6.  Brown  colored  shale   4 

7.  Light  gray  shale,  weathering  brown 10 

8.  Cream  colored  shale   10 

9.  Jointed,  very  hard,  yellow  shale 18 

3.  Section  in  a  well  at  Butter  Creek. 

Recent: 

1.  Yellow  clay  (bones  of  the  buffalo  and  deer) 10 

Pierre   Shales: 

2.  Black   to  gray  shale 12 

4.  Section  on   west  side  of  Oak  Creek,  eight  miles  south  of  Bad 
Nation  school  house. 

Glacial?: 

1.  Light  colored  clay 10 

2.  Gravel    6 

3.  Light  colored  clay   6 

4.  Dark  clay   1 

5.  Cobblestone-gravel    stratum 3 

Pierre  Shales: 

6.  Grayish-black  shales   120 

5.  Section  in  the  valley  south  of  Little  White  River,  one  mile  above 
the  mouth  of  Cut  Meat  creek 
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Recent: 

1.  Light  colored,  finely  laminated  clay 2 

2.  Dark  forest  ground   8 

3.  Yellow  sandy  clay   1 

4.  Fine  to  coarse,  banded,  cross-bedded,  white   sand    10 

6.  Section  at  the  water's  edge,  south  side  of  Little  White  river,  one 
and  one^ioarth  mile  north  of  Ring  Thunder  school  house. 

Recent: 

1.  Black  earth 1 

2.  Gravel,  light  colored  sands  and  clays,  resting  uncon- 

formably  on  the  next  20 

3.  Partly  lithified,  light  colored  clay 10 

4.  Bedded  gravel  interbedded  with  bands  of  light  col- 

ored sand.     This  stratum  rests  unconformably  on 
the  next  following 12 

5.  Brown,  clayey   material,   unconformable   both  with 

the  stratum  above  it  and  the  one  below  it 3 

6.  Grayish  black  shales  104- 

7.  Section  one  mile  northwest  oi  the  White  Thunder  day  school. 

Oligocene  (near  base  of  the  formation) :        Feet    Inches 

1.     Clayey  shale    in    which    are    interstratified  bands, 

three  to  five   inches  in  thickness,  of  the   same 

material  containing  some  iron  ore.      The  bands 

are  harder  than  the  other  shales  and  show  an 

m 

iron-rust,  red  ochre  color  when  wet 7 

S.    Section  on  Butte  one  mile  southeast  of  the  White  Thunder  day 
school. 

Arikaree:  •  Feet    Inches 

1.  Greenish,  shaly  to  thin  bedded  very  porous  sand- 

stone        6 

2.  Bluish  to  greenish,  somewhat  porous  sandstone 10 

3.  Greenish  sandy  shale   15 

4.  Clayey,  thin-bedded,  cream  colored  sandstone 14 

Oligocene: 

5.  Yellowish    chocolate,    cream    colored,    and    pinkish 

shales   70 

6.  Greenish  shales  to  thin-bedded,  often  porous,  sand- 

stone         4 

7.  Cream  colored  shales   4 

9.    Section  two  and  one-half  miles  south  of  the  White  Thunder  day 
school. 

Arikaree:  Feet     Inches 

1.     White  to  gray  flint,  in  which  are  numerous  gastro- 
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pod  shells.  This  flint  is  the  cap  rock  of  many  of 
the  Arikaree  buttes  of  the  region  adjoining  the 
Oligocene  outcrop  4 

2,  Clayey,  reddish  brown     sandy     shale     to    massive 

sandstone  breaking  down  in  terraces  in  some 
places    25 

3.  Unseen 60 

10.  Section  on  Rattle  Snake  batte,  four  miks  south  of  the  Butte 
Creek  school  house. 

Arikaree:  Feet    Inches 

1.  Very   hard,   massive   to   thin-bedded   sandstone,   so 

firmly  cemented  with  silica  that  the  rock  is  a 
quartzyte.  (The  dip  of  these  sandstone  strata  is 
toward  the  north  8 

2.  Volcanic  ash  10 

3.  Hard,   light   brown,   massive   to   thin-bedded,  often 

laminated,  cross-bedded  sandstone  (dip  southeast)  140 
Oligocene  (?): 

4.  Unseen  100 

Pierre  Shales: 

5.  Unseen  40 

11.  Section  in  the  Bad  Lands  just  across  the  river  from  the  Ring 
Thunder  day  school.    Dip  of  strata  north. 

Arikaree:  Feet    Inches 

1.  Sand  and  sandy  clay   40 

Oligocene: 

2.  Light  coloied  shale,  weathering  reddish  on  exposed 

surfaces,  the  reddish  color  being  due  to  the  par- 
ticles of  iron  scattered  through  it 40 

3.  Light  colored,  occasionally     greenish     tinged,     soft 

shales,  banded  with  harder  streaks  of  practically 
the  same  material,  in  which  are  occasional  iron 
noduks.  On  weathering  the  whole  series  breaks 
down  into  light  chocolate  to  pinkish  and  cream 
colored  potato  hills  and  cones,  when  isolated; 
and  when  joining  a  mesa,  into  smooth,  symmet- 
rical  hogbacks    50 

4.  Same  as  three  above  except  the  shales  have  not  the 

pinkish,  greenish  tinge  in  their  color 45 

5.  Yellow,    clayey    shales,    containing    so    many    iron 

nodules  that,  at  a  distance,  the  exposure  has  a 
brownish  to  a  red  rust,  red  ochre  color,  due  to 
the  broken  pieces  of  iron  scattered  over  its  face     10 

6.  Unseen   10 

Pierre  Shales: 

7.  Grayish-black  shales   (Baculites)    10 
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Total  thickness  of  Oligocene  here 155 

Total  thlckftess  of  section 215 

12.  Section  from  the  mouth  of  White  Thnnder  creek  to  the  top  of 
Mastodon  huttes  ( Three  Points)  at  the  head  of  Oak  creek,  one  mile  east 
of  the  artesian  well. 

Arikaree:  Feet    Inches 

1.  Very  hard,  calcereous-cemented  sand  rock,  in  which 

are  sticks,  bones  of  birds,  fishes,  and  animals, 
and  fragments  of  turtle  shell,  cork-screw  fossils, 
masses  of  fibers  and  rootlets,  etc.  This  stratum 
is  massive,  and  is  the  topmost  rock  of  a  great 
part  of  the  Arikaree  formation  of  the  region.  It 
is  the  Daimonelix  beds  of  the  Nebraska  geolo- 
gists, so  named  on  account  of  the  fossil  cork- 
screws (Daimonelix)  found  in  it 8 

2.  Partly  lithified  sand,  having  the  appearance  of  dune 

origin  (camel,  horse,  birds,  turtles) 10 

3.  Partly  lithified  sand  of  stream  origin.    The  water 

sorting,  laminating,  and  cross-bedding  are  all  in 
evidence,  (mastodon,  horse,  camel,  etc.)* 8 

4.  Partly  lithified  sand   40 

Oligocene : 

5.  Light  colored  to  pinkish  shales  (estimated) 234 

Pierre  Shales: 

6.  Dark  gray  shales  (estimated) 400 

Total    • 700 

13  Section  from  the  bridge  northeast  of  Rosebud  to  the  top  of  the 
bill  in  the  cut  on  the  Rosebud  Boarding  school  ly agon-road.  Altitude 
estimated. 

Ogallala(?): 

1.  "Mortar  beds"  of  grit  and  calcarceous  magnesian 

limestone  permiscuously  mixed   20 

Arikaree : 

2.  Partly  lithified  ash  gray  to  brown  sand 60 

3.  Buff  colored  sand  forming  a  perpendicular  bank  on 

the  Rosebud  side  of  the  stream GO 

Total    140 

J^ormatirms  in  Detail 
The  Pierre  Shales  of  the  Cretaceous  system   underlie 
the  Tertiary  formations  wherever  found  and  are  the  country 
rock  in  all  places  where  the  Tertiary  has  been  removed  by 


•  The  writer  srnt  tho  Unlver.sity  of  Indiana  twenty-nine  boxes  of  fos- 
8llH  from   this   locality. 


234  The  American  Geologist  ^*«»*'-  ^^» 

erosion.  As  is  shown  by  the  map  they  cover  all  the  lower 
country  of  the  region  and  extend  across  the  area  at  the 
head  of  Oak  creek  to  the  Kaya  Paha  (this  latter  was  not 
positively  determined  to  be  Cretaceous).  The  formation  is 
composed,  principally,  of  dark  gray  shales  containing  brach- 
iopod  shells  and  Baculites.  A  bluff  of  this  formation  on 
the  south  side  of  White  river  near  the  mouth  of  White 
Thunder  creek  is  three  hundred  feet  in  hight ;  Baculites  were 
obtained  from  its  summit.  The  entire  thickness  of  these 
shales  is  not  exposed  in  the  region  examined,  although  their 
thickness  there  must  exceed  600  feet. 

The  shales  are  destitute  of  value,  for  they  contain  no 
stone,  no  building  material,  no  water.  The  area  they  dom- 
inate is  an  alkali,  salt  grass,  prairie-dog  town  country. 

The  Oligocene  formation  forms  the  clay  bad  lands  lying 
between  the  Cretaceous  and  the  Loup  Fork  (Arikaree  and 
Ogallala)  formations,  forming  a  rough  broken  strip  which 
runs  in  a  general  east  and  west  direction  across  the  country. 
It  once  covered  the  whole  region  as  is  shown  by  detached 
patches  beyond  the  confines  of  the  area  mapped,  but  has 
subsequently  been  removed.  Its  strata  are  usually  hori- 
zontal. They  are  composed,  for  the  most  part,  of  light 
colored  to  pinkish  soft  shales  with  which  are  interstratified 
bands  of  harder  material  carrying  some  iron.  Sandstone 
strata,  however,  are  occasionally  exposed.  The  formation 
beginning  with  a  cobble-stone  gravelly  stratum,  lies  uncon- 
formably  on  the  Pierre  shales.  Its  shales  break  down  and 
so  slack  in  water  that  they  are  readily  carried  off  with  it. 
When  mixed  with  sand  in  the  right  proportion,  the  clays 
formed  from  the  shales  make  a  hard  cement,  which  the 
Indians  use  in  plastering.  The  cream  colored  to  pinkish 
colored  potato  hills,  cones,  castles,  terraces,  and  hog-backs, 
formed  by  the  breaking  down  of  these  shales,  make  this 
strip  picturesque. 

The  formation  has  the  appearance  of  having  been  be- 
gun by  river  action.  Later,  judging  from  the  fineness  of 
the  material,  the  area  must  have  become  a  deep  lake  and 
remained  such  for  a  long  period.  Finally,  the  lake  was 
filled  with  sediment  till  the  region  reached  the  swamp  stage ; 
the  deposition  then  ceased. 
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The  Arikaree  Formation  overlies  and  rests  unconform- 
ably  on  the  Oligocene  series.  It  covers  the  entire  southern 
half  of  the  area  mapped,  save  where  it  is  removed  by 
erosion  at  the  head  of  Oak  creek.  Farther  to  the  north  sev- 
eral detached  patches  also  occur.  It  probably  once  covered 
the  whole  region,  but  must  have  been  very  thin  along  the 
northern  border,  as  the  exposures  show  that  it  gradually 
thinned  toward  the  north.  At  Valentine,  Nebraska,  it  is 
over  400  feet  in  thickness,  while  at  the  artesian  well  it  is 
less  than  160  feet.  It  is  composed  mostly  of  sand  in  various 
stages  of  hardness,  ranging  from  the  very  hardest,  unmeta- 
morphosed  rock  in  the  Rattle  Snake  buttes  to  wholly  un- 
lithified  sand'in  many  other  places.  The  latter,  however,  is 
packed  so  hard  by  pressure  that  a  pick  can  hardly  be  driven 
into  it.  At  all  places  where  thie  whole  series  is  exposed, 
it  is  found  to  be  capped  with  a  very  hard  calcium  cemented 
sand  rock  from  eight  to  twenty  feet  in  thickness,  except  in 
the  Rattlesnake  Butte  region  where  it  is  quartzyte  sand- 
stone. On  the  whole  it  seems  to  be  dry  delta,  dune,  and 
river-channel  formation  instead  of  lake  deposit,  as  was  for- 
merly believed.  The  whole  region  seems  to  have  reached 
the  ponded  stage  at  the  close  of  the  epoch.  The  strata 
thicken  and  thin  alternately,  They  are  often  fan  shaped. 
Many  that  are  very  thick  pinch  out  in  a  short  distance. 
Many  show  water  sorting ;  some  only  for  a  little  ways,  oth- 
ers throughout  the  entire  exposure.  Others  are  composed 
wholly  of  fine  dune  sand ;  while  others  are  heterogeneously 
mixed.  Many  show  cross-bedding.  In  some  places  the 
strata  pitch  at  a  high  angle  one  way  for  a  little  distance  and 
at  another  angle  a  little  farther  on,  notwithstanding  that 
the  Oligocene  immediately  underlying  them  is  horizontal. 
In  many  other  cases  the  strata  dip  in  all  directions  from  a 
common  center,  the  formation  indicating  that  it  is  likely  an 
alluvial  fan  deposit. 

So  far  as  the  writer  could  determine,  there  is  no  evi- 
dence that  the  formation  is  lake  deposit.  On  the  contrary, 
land  snails,  bones  of  the  horse,  camel,  mastodon,  and  other 
land  animals,  together  with  the  dune  material,  seem  to  indi- 
cate that  it  is  stream,  pond  and  aeolian  in  origin. 

From  the  observations  of  the  writer,  which  were  not 
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extensive  enough  to  form  any  definite  conclusion,  it  would 
seem  that  possibly  a  large  stream  flowed  to  the  Gulf  along 
the  line  of  the  sand  deposits,  the  deposits  being  the  debris 
left  by  its  ever  changing  channel.  A  re-elevation  of  the 
central  plain,  after  a  long  lapse  of  time,  diverted  the  drain- 
age and  left  the  region,  first,  a  ponded  area  as  is  shown  by 
the  pond-holes,  and,  then,  arid  land. 

Again,  the  origin  of  the  deposits  might  be  explained  by 
another  hypothesis  as  follows:*  That  after  the  re-elevation 
of  the  Rocky  mountains  just  before  or  at  the  beginning  of 
the  Loup  Fork  epoch,  the  streams,  flowing  east  from  the 
continental  divide,  had  not,  as  yet,  formed  permanent  chan- 
nels across  what  is  now  our  western  plains.  Consequently, 
after  flowing  rapidly  down  the  mountain  slopes,  they 
spread  out  on  reaching  the  slack-water  region  of  the  plains 
forming  dry  deltas  or  alluvial-fan  deposits.  This  they  con- 
tinued to  do  till  time  and  re-elevation  of  the  plains  region 
caused  them  to  cut  permanent  channels  to  the  Mississippi 
river  and  the  gulf  of  Mexico. 

The  Ogallala  {?)  formation  was  found  exposed  in  a  cut 
on  the  Rosebud-Carding  School  wagon  road  one-half  mile 
northeast  of  Rosebud.  In  general  appearance  and  in  com- 
position it  resembles  the  "mortar  beds"  of  Kansas  very 
much.  It  is  essentially  a  limestone  of  the  calcareous  mag- 
nesian  type  containing  many  impurities.  The  limestone  is 
wavy,  looks  much  as  if  it  had  been  run  through  a  crimping 
machine  before  hardening,  is  somewhat  continuous  in  stra- 
tum form,  and,  besides  being  gritty  itself,  is  intermixed  with 
grit  and  sand. 

In  this  formation  the  writer  found  bones  of  the  masto- 
don, horse  and  camel,  fragments  of  turtle  shell,  and  the 
bones  of  birds. 

In  places  the  limestone  of  these  beds  is  used  for  build- 
ing purposes,  for  which  it  is  said  to  be  a  good  rock. 

On  the  map  (plate  XII.)  these  beds  and  the  underlying 
Arikaree  are  mapped  together  as  Loup  Fork  Tertiary. 

Glacial  (? )  debris^  rock,  which  seemed  to  be  of  glacial 
origin,  was  noticed  at  several  places  on  the  bluffs  of  lower 
Oak  creek.  As  the  great  glacier  extended  to  the  Missouri 
adjacent,  it  is  highly  probable  that  a  glacial  lobe  crossed 
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over  to  the  White  river — Oak  creek  side.  It  will  necessi- 
tate more  research  work,  however,  to  determine  this  fact. 

The  Recent  formation  (not  mapped  )  extends  out  on  the 
bluffs  on  either  side  of  White  river  for  quite  a  little  distance. 
It  is  the  surface  rock  in  all  the  valleys  wherever  the  valley 
widens  out.  Along  White  river  and  Little  Oak  creek  it 
covers  the  meander  region.  The  bluff  formation  is  proba- 
bly Champlain  in  age,  some  being  probably  even  Glacial- 
The  formation  in  the  valleys  is  more  recent  and  extends  in 
time  to  the  present.  Little  Oak  creek  is  now  building  up 
its  lower  valley ;  and  White  Thunder  creek  its  valley  in  its 
middle  course.  The  whole  formation,  whether  in  the  val- 
ley or  on^the  bluffs,  is  of  river  origin. 

To  this  age  of  rocks  seems  to  belong  the  Tertiary  debris 
from  the  broken  down  mesas  and  bad  lands.  Though 
patchy,  this  debris  covers  at  varying  thicknesses  a  consid- 
erable part  of  the  area  marked  Cretaceous;  the  Tertiary, 
however,  is  not  in  "situ"  nor  in  thickness  enough  to  deter- 
mine the  surface  age. 

Jie&ume:  As  the  Cretaceous  period  neared  its  close  the 
surface  of  the  region  became  dry  land  and  was  such  for  a 
long  period  as  is  shown  by  the  then  eroded  surface.  The 
region  then,  in  Oligocene  times,  began  to  fill  with  debris  of 
the  gravelly  cobblestone  type.  Later  it  apparently  became 
laked,  and  the  soft  fine-grained  shales  were  deposited. 
While  this  was  going  on,  fresh-water  fish  and  gigantic  tur- 
tles skimmed  the  waves  and  tropical  animals  roamed  along 
the  beach.  After  a  long  lapse  of  time,  the  region  again  be- 
came land  and  was  much  eroded.  Another  period  of  deposi- 
tion then,  in  Loup  Fork  times,  set  in.  The  whole  area  was 
flooded  with  sand.  This  was  deposited  at  intervals  till  it 
reached  a  thickness  of  more  than  400  feet  in  the  vicinity  of 
Valentine,  Nebraska.  Throughout  the  whole  time  the  re- 
gion seems  to  have  been  in  a  swamp  or  ponded  state.  As 
the  climate  was  tropical,  there  roamed  over  the  marshy 
areas  and  through  the  jungles  the  tiger,  horse,  hyena,  camel, 
mastodon,  and  the  many  other  tropical  animals  of  that 
epoch,  as  is  shown  by  their  fossil  remains.  The  region  was 
left  ponded  at  the  close  of  this  epoch.  In  the  succeeding 
epoch  the  present  streams  cut  their  channels  to  about  their 
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present  depth.  In  the  Champlain  epoch  they  refilled  them 
or  were  so  filled  with  water  that  they  deposited  debris  far 
out  on  the  adjoining  mesa  lands.  Since  then  stream  action 
and  deposition  have  been  going  on  about  as  now. 

Bad  Lands, 
The  bad  lands  are  along  the  Oligocene  outcrops.  They 
are  typical  "mauvaises  terres,"  but  of  course  are  less  exten- 
sive than  those  farther  west.  They  are  almost  destitute  of 
vegetation;  and  are  chiefly  noted  for  their  picturesqueness 
and  for  their  being  the  home  of  the  gray  wolf  and  the  co- 
yote. 

Buttea. 

The  buttes  are  situated  upon  the  Oligocene  along  the 
break  line  of  the  Loup  Fork,  the  strip  having  a  general  east 
and  west  trend.  The  buttes  are  conical  or  rectangular  and 
flat  topped,  depending  upon  the  hardness  of  the  cap  rock; 
the  latter  usually  have  their  longest  axis  parallel  with  the 
nearest  stream.  The  rectangular  buttes  fh  the  vicinity  of 
the  White  Thunder  day  school  and  those  in  the  Robinson 
bad  lands  are  capped  with  flint.  The  Rattlesnake  buttes 
are  capped  with  quartzyte  sandstone.  The  conical  buttes 
are.  generally  capped  with  the  Daimonelix  beds  of  the  Ari- 
karee  formation  where  they  have  not  been  removed  by 
erosion.  The  buttes  occupy  the  inter-stream  spaces  and 
range  from  200  to  300  feet  in  hight. 

It  would  seem  from  the  observations  that  the  flint  and 
quartzyte  capped  buttes  represent  ponded  areas  of  Arikaree 
times ;  the  Daimonelix  beds,  sand  dune  and  stream  regions, 
the  flint  and  quartzyte  sandstone  having  been  formed  under 
water.  This  opinion  is  strengthened  by  the  fact  that  the 
flint  contains  snail  and  turtle  shells;  the  Daimonelix  beds 
and  sand  areas,  the  bones  of  land  animals.  This  difference 
in  the  formation  of  the  original  surface  has  been  a  leading 
factor  in  determining  the  course  and  position  of  the 
streams.  The  inter-ponded  spaces,  though  being  the  higher 
ground,  were  less  hard  and  have  yielded  more  readily  to 
erosive  action;  hence  are  now  the  valleys. 

Rattlesnake  Butte, 
The  Rattlesnake  buttes  were  so  named  on  account  of 
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An  east  and  west  section  through  Rattlesnake  Butte,  showiner  the 
displaced  rock  to  the  north.  E^^planation :  1,  quartzyte  sandstone;  2, 
volcanic  ash;  3,  sandstone;  4,  Ollgocene  shales;  6,  Pierre  shales.  1-3 
are  Loup  Fork  Tertiary.     Altitude  duu  leet. 

the  great  number  of  rattlesnakes  found  there.  At  any  time 
in  summer  the  "rattlers"  can  be  seen  basking  in  the  sun 
by  the  hundred.  The  cap  rock  of  these  buttes,  as  we  have 
seen,  is  quartzyte  sandstone.  On  the  longest  and  highest 
butte,  called  Rattlesnake  butte,  it  is  very  thick,  and  the 
strata  are  usually  massive.  This  butte  has  had  a  geological 
accident  in  the  recent  past.  It  has  been  split  in  two  along 
its  longer  axis,  and  its  northern  half  has  slid  down  the  slope 
to  the  north,  so  that  what  was  once  the  top  is  now  the 
north  face  of  the  bluff,  the  rock  dipping  north  45  degrees. 
Thus  tilted,  the  broken  edge  forms  a  ridge  parallel  to  the 
remaining  original  top,  a  narrow  valley  occupying  the  in- 
tervening space. 

Another  geological  accident  awaits  this  butte  in  the 
near  future  of  geologic  time.  It  will  then  loose  its  top. 
This  top  is  very  narrow,  ten  to  twenty  feet  wide  and  already 
has  a  dip  of  ten  degrees  toward  the  north,  while  the  strata 
immediately  underneath  dip  south. 

Minerals, 
So  far  as  the  writer  knows  there  are  no  minerals  in  the 
region  worth  mentioning,  he  not  having  paid  any  attention 
to  minerals  in  his  investigations.  He  believes,  however, 
that  the  Miocene  (Oligocene)  shales  which  the  Indians  use 
in  plastering  might  prove  of  value  in  the  making  of  cement. 
Resides  this  possibility  of  the  clays  (shales)  being  of  value, 
placer  gold  is  said  to  exist  in  the  gravels  at  the  mouth  of 
Oak  creek.* 


•  Some    volcanic    ash    was    noticed  at  sevenil   phices.   but   the    quulit} 
and  quantity  were  not  determined. 
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Soil. 

The  soil  on  the  Oligocene  formation  and  on  a  great 
part  of  the  Cretaceous  is  very  poor;  but  in  the  valleys  and 
in  the  Loup  Fork  districts  it  is  good,  producing  excellent 
crops  whenever  there  is  a  sufficient  amount  of  rainfall. 

Water. 

The  water  of  the  Cretaceous  countrv  is  bitter  to  the 
taste  and  usually  contains  alkali,  sometimes  in  such  quanti- 
ties that  it  kills  stock  or  "alkalies"  them,  that  is,  causes 
them  to  loose  their  hoofs.  The  water  of  the  sand  districts 
has  a  good  taste  and  is  usually  wholesome.  Here  the  water 
for  ordinary  drinking  purposes  is  furnished  by  comparatively 
shallow  wells. 

Throughout  the  entire  region  mapped  if  the  water  is 
running  slow  or  is  in  a  standing  condition,  it  has  a  color 
similar  to  that  of  the  water  in  a  drain  from  a  barnyard. 

Sink  HoleSy  Ponds  and  Lakes, 

Dry  sink-holes,  ponds,  and  lakes  of  considerable  size 
are  scattered  over  the  entire  country.  The  sink-holes  are 
due  to  underground  drainage.  In  many  places  the  last 
twenty  to  forty  feet  of  the  Oligocene,  except  the  very  last 
stratum,  is  often  a  very  porous  limestone ;  the  same  is  also 
true  of  the  lower  strata  of  the  Arikaree  formation,  except 
that  the  porous  rock  is  sandstone.  Consequently  sink-holes 
are  readily  formed  when  the  less  porous  rock  is  removed. 
In  these  holes  after  a  big  rain  the  water  quickly  seeps  away 
and  comes  out  below  in  springs.  The  ponds  and  lakes  re- 
main partly  filled  with  water  most  of  the  year,  though  their 
dimensions  are  small  compared  with  what  they  were  for- 
merly as  is  indicated  by  the  old  beach  lines,  especially  in 
the  case  of  the  larp^er  lakes.  Some  of  the  lakes  have  water 
in  them  throughout  the  year.  The  ponds  and  lakes  are 
usually  due  to  the  unequal  piling  of  the  surface  debris  of 
the  formation  in  which  they  occur.  The  most  of  them  are 
on  the  Loup  Fork  formation. 

Springs. 
Most  of  the  springs  are  located  at  the  heads  of  the  sev- 
eral streams  along  the  contact  lines  between  the  Loup  Fork 
and  the  Oligocene  and  the  Oligocene  and  the  Cretaceous. 
The  springs  of  the  former  group  are  good  drinking  water. 
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those  of  the  latter  very  poor.  The  latter  have  a  soapy, 
clayey  taste.  The  springs  at  the  Ring  Thunder  day  school 
besides  having  this  taste  is  contaminated  with  the  drainage 
from  the  Indian  village  above  as  is  shown  in  the  accom- 
panying map  of  the  sink-holes  there.  The  Loup  Fork 
springs  in  the  vicinity  of  Valentine  and  Fort  Niobrara  and 
in  Smith's  canyon  ten  miles  farther  east  are  large.  Those 
at  Fort  Niobrara  furnish  water  for  the  fort,  and  the  Smith 
canyon  springs  water  over  two  thousand  head  of  cattle. 
None  of  the  springs  possess  medicinal  properties. 
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North   sink   hales   In    the   vicinity  of  the  Ring  Thunder  School. 

Scale 300  feet. 


Streams. 
The  streams  are  White  river  and  its  tributaries  at  the 
north,  and  the  Kava  Paha  and  the  Minichadusa  at  the 
south.  All  of  the  head  streams  of  the  Kaya  Paha  run  above 
the  Oligocenc.  Antelope  creek  is  always  clear  and  always 
has   running  water   in   it.     The   tributaries  of  the   White 
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river  all  head  at  the  top  of  the  divide  in  the  Loup  Fork 
formation.  They  have  water  in  their  upper  courses;  but, 
as  these  streams  are  building  up  their  middle  courses  with 
Loup  Fork  sand,  the  water,  on  reaching  this  part  of  its  re- 
spective channel,  sinks  beneath  the  surface.  White  river 
itself  is  a  large  stream  and  is  scarcely  fordable  on  account 
of  its  quicksand.  In  many  places  its  banks  are  very  steep 
forming  canyon  walls.  The  water  of  the  stream  in  the 
rainy  season  is  white,  the  color  being  due  to  the  white 
Oligocene  sediment  carried  in  the  water  from  the  Bad 
Lands.  At  other  seasons  of  the  year  the  water  is  practic- 
ally clear. 

Why  the  southern  tributaries  of  White  river  are  build- 
ing  up  their  channels  in  their  middle  course  The  streams 
flowing  north  from  the  vicinity  of  the  artesian  well  cut 
through  both  the  Loup  Fork  and  the  Oligocene  formations 
in  the  first  six  or  eight  miles  of  their  respective  courses, 
falling  in  that  distance  from  three  hundred  to  three  hundred 
and  fifty  feet.  Then  as  the  Cretaceous  shales  yield  less 
readily  to  the  erosive  efforts,  the  fall  is  not  maintained  from 
there  on.  Hence  a  slack-water  region  is  produced.  In  this 
the  Loup  Fork  sands  are  deposited,  except  in  high  flood 
times  when  force  enough  is  given  to  the  water  by  its  volume 
to  carrv  the  sediment  with  it  to  the  master  stream.  The 
aridness  of  the  region  aids  in  building  up  this  middle 
•course. 

Change  of  Drainage  Courses,  In  the  early  history  of 
Antelope  creek  it  seems  to  have  flowed  north  as  the  head 
stream  of  Little  Oak  creek,  as  its  direction  of  flow  would 
tend  to  take  it  to-day.  Finally  the  Kaya  Paha  tapped  it 
aliove  the  site  of  the  boarding  school  and  captured  its  upper 
tributaries,  leaving  Little  Oak,  its  lower  channel,  to  dwindle 
to  a  dry  stream.  The  wind-gap  through  which  the  original 
stream  seems  to  have  run  together  with  the  great  bend  on 
Antelope  creek  at  this  point  bears  out  this  conclusion. 

Antelope  creek  is  now  in  danger  of  itself  being  tapped 
in  the  near  future  of  geologic  time  by  White  Thunder 
•creek.  This  creek  runs,  as  it  were,  at  right  angles  to  the 
Antelope ;  that  is,  it  would  form  a  pretty  good  perpendicular 
to  the  Antelope  if  continued  to  it.     The  Antelope  is  at  least 
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one  hundred  feet  higher  than  White  Thunder  creek  four 
miles  away ;  and  both  streams,  here,  have  their  channels  in 
the  Loup  Fork  sands.  It  seems  to  be  only  a  question  of 
how  long  it  will  take,  the  result  is  evident. 

Oak  creek  is  likely  to  make  a  similar  capture  of  the 
Kaya  Paha  at  some  time. 

Why  White  river  has  all  its  tributaries  on  its  southern 
side.  The  Cretaceous  north  of  White  river  dips  north  and 
naturallv  causes  the  watershed  of  that  stream  on  the  north 
to  be  the  bluffs  on  that  side.  In  addition  to  this,  the  greater 
part  of  the  strata  to  the  north  are  Cretaceous  shales,  while 
to  the  south  they  are  horizontal,  softer,  Oligocene  shales 
and  Loup  Fork  sands.  The  Tertiary  being  the  easier  eroded 
the  river  has  cut  its  tributaries  on  that  side. 

Irriffatton, 

Irrigation  is  not  carried  on  at  all  on  the  reservation; 
but  could  be  in  the  valleys  of  White  river  and  its  larger 
tributary,  Little  White,  also  along  Antelope  creek,  with  but 
little  expense.  The  valley  of  Little  White*  is  about  a  mile 
wide  in  its  lower  course ;  and,  as  the  stream  is  at  base  level 
there  and  at  the  level  of  the  valley  floor,  this  whole  valley 
could  he  made  a  garden.  It  would  necessitate  considerable 
fluming,  however,  to  irrigate  the  bottom  lands  of  Big  White^ 
as  the  master  stream  is  usually  called  on  the  reservation,, 
for  the  bluffs  wedge  in  to  the  water's  edge  occasionally; 
but  in  the  end  it  would  pay.  The  land  is  of  good  quality 
and  would  be  very  productive  if  water  could  be  got  to  it. 

The  Kaya  Paha  and  its  head  stream,  Antelope  creek,. 
have  plenty  of  water  and  also  flat  valleys.  It  seems  a 
shame  that  the  Indians  allow  so  much  water  to  run  to  waste 
each  year,  when,  if  properly  used,  the  government  would 
not  he  compelled  to  feed  and  clothe  them. 

The  creeks  that  are  tributary  to  White  river  would 
furnish  no  water  for  irrigating  purposes,  not  even  by  the 
storage  reservoir  system.  Except  in  flood  times,  they  are 
practically  dry ;  and  water  stored  in  them  seeps  away  in  the 
sand  that  fills  their  channels.  Side  reservoirs  in  the  little 
ravines  having  Oligocene  or  Cretaceous  shales  for  a  bottom 
are  the  only  reservoirs  that  hold  water  for  stock  during  the 
dry  season. 
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NOTES    ON    THE    DISTRIBUTION    OF    BRACHIOPODA    IN   THE 

ARNHEIM  AND  WAYNESVILLE   BEDS. 

By  Ai'o.  F.  F0KB8TB,  DaytoD,  Ohio. 

In  the  first  volume  of  the  Geology  of  Ohio,  published 
in  1873,  oil  page  397,  Prof.  Orton  states  that  the  lowest 
horizon  at  which  •  Leptaena  rhomboidalis  (Strophomena 
tenuistriatd)  is  found  is  at  the  very  summit  of  the  Cincin- 
nati hills,  or  about  455  feet  above  low  water.  The  geo- 
logical horizon  at  which  the  Leptaena  occurs  at  Cincinnati 
is  fixed  by  the  statement,  on  page  394,  that  at  a  hight  of  425 
feet  above  low  water  a  belt  of  rock,  two  to  ten  feet  in  thick- 
ness, occurs  which  is  almost  entirely  composed  of  the  ventri- 
cose  full-grown  shells  of  Platystrophia  lynx  {Orthis  bifor- 
ata)  This  Lynx  horizon  was  considered  as  forming  virtu- 
ally the  summit  of  the  Cincinnati  section,  notwithstanding 
the  occurrence  of  Leptaena  rhomboidalis  at  a  higher  hori- 
zon. The  reason  is  given  on  page  370,  where  it  is  stated 
that  the  greatest  elevation  above  low  water  in  the  imme- 
diate vicinity  of  Cincinnati  is  given  by  the  city  engineer  as 
465  feet.  Subtracting  15  feet  for  the  drift  covering  at  the 
surface  we  can  certainly  find  450  feet  of  bedded  rock  at  Cin- 
cinnati, almost  every  foot  of  which  lies  open  to  study  with- 
in the  city  limits.  The  only  stratum^  however,  that  admits 
of  easy  identification,  lies  at  an  elevation  of  425  feet  above 
the  river,  and  this  accordingly 'is  assumed  as  the  upper  limit 
of  the  division  to  which  Prof.  Orton  gave  the  name  Cin- 
<:innati  beds  proper. 

The  Platystrophia  lynx  horizon  at  Cincinnati  forms  the 
Mount  Auburn  bed  of  Nickles  (The  Geology  of  Cincinnati, 
Journal.  Cincinnati  Soc.  Nat.  Hist,  1903).  If  its  thickness 
be  estimated  at  20  feet,  it  is  evident  that  the  specimens  of 
Leptaena  must  have  occurred  at  least  10  feet  above  the  base 
of  the  Arnheini  or  Warren  bed.  This  estimate  is  probably 
too  low,  hut  the  former  presence  of  the  lower  part  of  the 
Arnheini  bed  at  Cincinnati  is  certain. 

L.aptaena  rhofnhoidalis  is  widely  distributed  in  the  Arn- 
heini bed.  In  C)hio  and  Indiana  it  occurs  near  the  middle 
of  the  bed,  making  its  first  appearance  a  short  distance  be- 
low the  Dinorthis  retrorsa  horizon  and  continuing  to  a  little 
above  this  horizon.     It  occurs  at  this  horizon  along  Reser- 
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voir  creek,  north  of  Lebanon,  Ohio;  also  seven  miles  north- 
'Cast  of  Lebanon,  on  Lick  run,  opposite  the  mouth  of  Caesar 
creek;  along  Short  creek,  below  Arnheim,  42  miles  south- 
east of  Lebanon ;  about  three  miles  south  of  Maysville,  Ken- 
tucky, along  the  railroad,  and  22  miles  south  of  i\rnheim. 
In  Indiana,  Leptaena  rhomboidalis  occurs  at  the  Dinorthis 
retrorsa  horizon  about  40  miles  west  of  Lebanon,  and  five 
miles  east  of  Brookville,  on  Big  Cedar  creek,  a  short  distance 
south  of  the  pike  to  Mount  Carmel;  also  23  miles  south 
of  Brookville,  about  a  mile  southeast  of  Sparta,  east  of  the 
Sparta  fork  of  Allen  branch ;  33  miles  southwest  of  Sparta, 
■opposite  Madison,  along  the  pike  from  Milton,  Kentucky, 
to  Bedford,  at  the  head  of  the  first  gully  crossed  by  the 
pike,  about  on  the  same  level  as  the  bridge,  about  a  mile 
south  of  the  Ohio  river;  about  20  miles  southeast  of  Madi- 
son, about  a  mile  east  of  Pendleton,  Kentucky,  on  the  Louis- 
ville and  Nashville  railroad,  at  the  second  railroad  cut  east 
of  a  house  on  the  north  side  of  the  railroad.  The  associa- 
tion of  Leptaena  rhomboidalis  with  Dinorthis  retrorsa  has  not 

been  noted,  so  far,  at  any  locality  south  of  those  men- 
tioned as  occurring  near  Maysville  and  Pendleton,  Ken- 
tucky, but  this  is  merely  because  Dinorthis  retrorsa  has  not 
been  detected  farther  southward.  Leptaena  rhomboidalsi 
•continues  to  occur  at  the  same  horizon  at  least  as  far  as 
Lebanon,  Kentucky.  Dinorthis  retrorsa  is  listed  by  Linney 
in  his  Xotes  on  the  Rocks  from  Central  Kentucky,  published 
by  the  Kentucky  Geological  Survey  in  1882;  but  it  is  not 
stated  at  what  locality  it  was  found,  although  the  list  pre- 
sumably includes  only  fossils  from  the  counties  lying  be- 
tween Madison  and  Marion  county.  In  the  Geology  of 
Marion  county,  by  W.  T.  Knott,  and  published  in  1885,  how- 
ever, the  name  does  not  occur. 

There  is  no  very  good  reason  for  doubting  the  accuracy 
of  the  identification  of  Dinorthis  retrorsa  from  central  Ken- 
tucky. The  fossil  has  a  very  characteristic  form  and  should 
-not  readily  be  mistaken.  At  any  rate,  Dinorthis  retrorsa 
has  been  found  associated  with  Leptaena  rhomboidalis  as 
iar  south  as  the  landing  at  Clifton,  on  the  Tennessee  river, 
in  western  Tennessee. 

Another  fossil  having  a  considerable  distribution  at  the 
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Dinorthis  retrorsa  and  Leptaena  rhomboidalis  horizon  is 
Rhynchotrema  dentata,  or,  at  any  rate,  a  scarcely  distin- 
guishable variety  of  this  species.  It  occurs  at  this  horizon 
at  Arnheim,  Ohio,  and  near  Maysville,  Kentucky.  Farther 
southward,  in  the  absence  of  Dinorthis  retrorsa,  it  may  be 
traced  along  the  same  horizon,  in  association  with  Leptaena 
rhomboidalis. 

Rynchotrema  detitata  occurs  associated  with  Lep- 
taeria  rlwmboidalis  at  the  Brown's  run  school  house,  about 
8  miles  southeast  of  Maysville,  two  miles  northeast  of  Rec- 
torville ;  also  30  miles  south  of  Maysville,  at  the  foot  of  the 
hill  east  of  Wyoming;  14  miles  southwest  of  Wyoming, 
about  half  a  mile  southwest  of  Howard  mill,  on  the  road 
over  the  hill  to  Spencer;  13  miles  southwest  of  Howard 
mill,  at  the  Curry  bridge  across  Howard  creek,  reached  by 
going  a  mile  south,  and  then  two  miles  west  from  Indian 
Fields.  A  mile  north  of  the  crossing  of  the  Stanford-Row- 
land pike  over  Logan  creek,  at  a  large  exposure  on  the  west- 
ern side  of  the  creek,  Leptaena  rhomboidalis  was  found  in 
the  upper  part  of  the  exposure.  Rhynchotrema  dentata  is 
found  associated  with  Leptaena  rhomboidalis  also  a  mile 
and  three-quarters  west  of  the  court  house  at  Lebanon,  Ken- 
tucky, near  the  lower  part  of  a  gully  located  20  degrees  west 
of  north  from  the  home  of  Col.  J.  B.  Wathen ;  also  30  miles 
northwest  of  Lebanon,  half  a  mile  north  of  High  Grove,  and 
about  six  miles  south  of  Mount  Washington. 

Leptaena  rhomboida/is  may  be  found  at  many  localities 
at  which  Dinorthis  retrorsa  and  Rhynchotrema  dentata  are 
absent.  This  horizon  in  the  Arnheim  bed  is  fairly  fossili- 
ferous  at  all  localities  in  Ohio,  Indiana,  and  Kentucky.  On 
this  account  it  may  be  traced  with  confidence  entirely 
around  the  Ordovician  area  of  Ohio,  Indiana,  and  Kentucky. 
It  promises  to  be  a  very  valuable  horizon  for  purposes  of 
nia])ping,  especially  for  those  who  are  not  familiar  with  the 
bryozoans  of  this  area,  the  bryozoans,  after  all,  constituting 
the  final  authority  in  the  discrimination  of  Ordovician  strata. 

Rhynchotrema  dentata  is  found  in  association  with  Lep- 
taena rhomboidalis  and  Dinorthis  retrorsa  also  at  Clifton, 
Tennessee. 

On  the  eastern     side    of    the     Cincinnati     geanticline. 
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Platystrophia  lynx  is  very  abundant  in  the  Mount  Auburn 
bed,  but  along  this  area  it  is  found  also  in  the  Warren  bed, 
usually  near  the  middle  of  the  Arnheim  bed,  but  a  short  dis- 
tance  beneath  the  Dinorthis  retrorsa  horizon.  In  the  lower 
part  of  Lick  run,  opposite  the  mouth  of  Caesar  creek,  north- 
east of  Lebanon,  Ohio,  Platystrophia  lynx  occurs  7  feet  be- 
low the  Dinorthis  retrorsa  horizon.  Near  Arnheim,  Ohio, 
it  occurs  about  8  feet  below  Dinorthis  retrorsa.  At  Wyom- 
ing, Kentucky,  a  massive,  fine  grained,  argillaceous,  blue 
limestone  underlies  the  horizon  containing  Rhynchotrema 
dentata  and  Leptaena  rhomboidalis,  and  at  various  levels 
in  this  rock  Platystrophia  lynx  may  be  found.  Platystrophia 
Ivnx  is  associated  with  Leptaena  rhomboidalis  at  this  hori- 
zon at  all  points  farther  southward.  At  some  of  these,  for 
instance  at  the  locality  west  of  Lebanon,  Platystrophia  lynx 
occurs  both  above  and  below  this  horizon.  On  the  western 
side  of  the  Cincinnati  geanticline,  a  few  specimens  of 
Platystrophia  lynx  may  be  found  two  or  three  feet  above 
the  Leptaena  rhomboidalis  horizon  even  as  far  north  as  the 
locality  along  the  creek,  about  a  mile  south  of  Mount 
Washington,  in  Bullitt  county,  Kentucky,  but  farther  north 
no  specimens  of  Platystrophia  lynx  have  been  detected  as 
yet  in  the  Arnheim  bed.  As  far  as  may  be  judged  from 
the  evidence  at  hand,  Platystrophia  lynx  after  a  period  of 
extraordinary  development  during  the  Mount  Auburn 
period  ,  was  much  reduced  in  numbers  and  disappeared 
northward,  but  continued  to  exist  in  southern  Kentucky 
during  the  deposition  of  the  lower  part  of  the  Arnheim  bed. 
During  the  middle  of  the  Arnheim  period  it  increased  in 
numbers  and  extended  its  range  northward  at  least  as  far 
as  Lick  run  on  the  eastern  side  of  the  Cincinnati  geanticline, 
but  on  the  western  side  it  has  not  been  found  at  this  level, 
as  yet,  north  of  Mount  Washington. 

No  specimens  of  Platystrophia  lynx  were  found  at  the 
Dinorthis  retrorsa  horizon,  at  Clifton,  Tennessee,  but  at 
Newsom,  about  15  miles  southwest  of  Nashville,  a  single 
good  specimen  was  found  in  association  with  four  specimens 
of  Rhynchotrema  dentata  in  what  is  regarded,  provisionally, 
as  equivalent  to  the  Arnheim  bed. 

Another  fossil,  whose  presence  near  the  middle  of  the 
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Arnhcim  bed  is  of  interest,  is  Dalmanella  jugosa.  This 
species  occurs  in  such  great  numbers  in  the  lower  part  of 
the  Waynesville  bed  in  most  parts  of  Ohio  and  Indiana, 
that  this  part  has  been  called  the  Dalmanella  zone.  How- 
ever, it  occurs  at  some  localities  also  in  considerable  num- 
bers in  the  middle  and  lower  part  of  the  Arnheim  bed. 
This  is  true  especially  in  Franklin  county,  Indiana.  Its 
range  begins  at  least  10  or  15  feet  below  the  Dinorthis  re- 
trorsa  zone,  and  extends  for  several  feet  above  the  latter. 
On  the  eastern  side  of  the  Cincinnati  geanticline,  at  Arn- 
heim,  Ohio,  Dalmanella  pigosa.  is  rather  abundant  in  a  layer, 
nine  inches  thick,  also  containing  Platystrophia  lynx  which 
is  nearly  9  feet  below  the  Dinorthis  retrorsa  horizon.  It 
occurs  associated  with  Platystrophia  lyytx,  also  at  Mays- 
ville,  Kentucky,  eight  feet  and  three  inches  below  the  low- 
est specimens  of  Leptaena  rhomboidalis  and  a  greater  dis- 
tance below  the  Dinorthis  retrorsa  horizon.  At  most 
localities,  however,  Dalmanella  jugosa  rare,  or  even  ab- 
sent, in  the  Arnheim  bed. 

Dalmanella  jugosa  is  found  associated  with  Dinorthis 
retrorsa,  Rhynckotrema  dentata,  and  Leptaena  rhomboid' 
alis  at  Clifton,  Te^nnessee,  and  is  associated  with  Platy- 
strophia lynx,  and  Rhynchotrcma  dcntata  at  Newsom,  in 
that  state. 

On  going  from  Maysville,  Kentucky,  and  Madison.  In- 
diana, southward,  toward  central  Kentucky,  the  lower  part 
of  the  Richmond  is  found  to  become  rapidly  more  argilla- 
ctious  and  less  fossiliferous.  At  the  more  southern  locali- 
ties, in  central  Kentucky,  there  are  no  specimens  of  Strepte- 
lasma,  Protarca,  Stfophomcna,  Leptaena  y  Rhynchotrema 
capax,  no  numerous  specimens  of  Dalmanella  iugosa  pres- 
ent, as  in  the  lower  i)art  of  the  Richmond  in  Ohio  and  most 
of  Indiana.  A  thin  zone  of  bryozoans,  several  feet  thick, 
is  found  at  the  very  base  of  the  Richmond,  but,  for  those 
who  do  not  make  a  special  study  of  bryozoans,  their  identi- 
fication is  not  easy,  and  their  utilization  for  tietermining  the 
boundaries  between  the  Richmond  and  Maysville  or  Lor- 
raine divisions  of  the  Cincinnatian  becomes  impracticable. 
Hence  the  great  value  of  the  Dinorthis  retrorsa,  Leptaena 
rhomboidalis,   Rhynehotrema   dentata    horizon    for    the    aver- 
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ap^e  investigator.  With  this  horizon  as  a  guide,  the  line  be- 
tween the  Richmond  and  Maysville,  determined  at  a  few 
localities  by  an  expert  on  bryozoans,  may  be  followed  for 
long  distances  merely  by  taking  advantage  of  lithological 
differences. 

Another  point  of  interest  in  connection  with  this  Difior- 
this  retrorsa,  Rhynchotrcjna  dcntata,  and  Leptaena  rhom- 
boidalis  zone  at  the  middle  of  the  Arnheim  bed  is  their  re- 
currence  in  the  W'aynesville  bed.  They  are  found  in  the 
upper  third  of  the  W'aynesville  bed  in  various  parts  of 
Union  and  Franklin  counties,  Indiana;  and  Rhynclwtrema 
dentata  and  Leptaena  rhomboidalis,  without  the  presence 
of  Dinorthis  retrorsa,  are  widely  distributed  at  this  horizon 
in  Ohio,  Indiana,  and  adjacent  Kentucky. 

A  most  interesting  case  of  the  recurrence  of  species  has 
recently  been  discovered  by  Dr.  George  M.  Austin  at  Stony 
Hollow,  north  of  Todd  fork,  at  Clarksville,  southwest  of 
Wilmington,  Ohio.  Here  HerberteUa  insculpta  occurs  in  the 
Waynesville  bed  thirty  feet  below  the  chief  HerberteUa  in- 
sculpta horizon  which  is  used  to  distinguish  the  Waynes- 
ville bed  from  the  Versailles  or  Middle  Richmond  bed. 
Zygospira  kentuckiensis  was  found  15  feet  below  the  top 
of  the  Waynesville  bed.  and  about  45  feet  above  the  base. 
East  of  Pendleton.  Kentucky,  Zygospira  kefitiickiensis  oc- 
curs in  association  with  Tctradium  fibratufn  and  Calopoccia 
cribriformis,  5  feet  below  the  lowest  layers  containing 
Streptelastna  rusticimt  and  Strophomena  planumbona,  and 
between  40  and  50  feet  above  the  base  of  the  comparative- 
ly nonfossiliferous  beds  which  here  represent  the  middle  and 
lower  part  of  the  Waynesville  bed.  The  same  Zygospira 
kentuckiensis  horizon  is  exposed  at  the  mouth  of  Bull  Creek 
Clark  county,  Indiana.  Here  the  lowest  layers  containing 
Dinorthis  subquadrata  occur  20  feet  above  the  top  of  the 
Zygospira  kentuckiensis  horizon,  with  Strepteiasnui  rusticiim 
Columnaria  halli,  Strophomena  planumbona  and  Rhyncho- 
trema  capax  in  the  intervening  rocks.  This  Zygospira  ken- 
tuckiensis horizon,  with  the  overlying  fossiliferous  beds  may 
be  traced  as  far  southward  as  Lebanon,  Kentuckv.  It  was 
noticed  by  Linney  in  Xelson  county,  Kentucky  (Geology  of 
Nelson  county,  1884,  page  34).      The    Rhynchottema    denta- 
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ta  and  Leptaena  rhomboidalis  mentioned  in  the  same  sen- 
tence occur  much  lower,  associated  with  Plaiystropkia  lynx^ 
in  the  Arnheim  bed.  East  of  Pendleton,  in  Henry  county, 
the  Zygospira  kcrvhickiends  horizon  is  found  73  feet  above 
the  horizon  containing  Dinorthis  retrorsa  and  LeptacenM 
rhomboidalis. 


EDITORIAL  COMMENT. 


The  Williamette  Meteorite. 

Mention  was  made  in  the  current  volume  of  this  jour- 
nal (p.  47)  of  this  wonderful  meteorite.  Later  it' was  trans- 
ferred to  the  "mining  building"  at  the  Lewis  and  Qark 
Exposition,  at  Portland,  Ore.,  where  it  remained  till  the 
close  of  that  exposition.  As  it  was  being  moved  into  the 
building  the  writer  made  (August  23)  the  photograph  which 
is  reproduced  herewith,  (plate  xiii,  fig.  i).  Prof.  H.  A. 
Ward  has  published  a  description  of  this  iron,*  with  ample 
illustration,  and  the  accompanying  figure  2,  of  plate  xvi,  is 
taken  from  his  publication. 

The  general  shape  of  the  mass  is  that  of  a  depressed 
liberty  bell  somewhat  elongated  by  lateral  pressure.  The 
general  outline  is  rounded,  there  being  no  angularities  ex- 
cept at  the  edges  of  the  basins  or  holes  that  penetrate  it, 
and  which  occupy  a  large  part  of  the  lower  surface.  The 
size  of  the  mass  is  expressed  by  the  following  dimensions: 

Extreme  length  10  ft.  3^  inches. 

Breadth  7  ft. 

Hight  4  ft. 

Estimated  weight,  from  12  to  15  tons. 

When  it  was -discovered  it  lay  nearly  buried  in  the  earth 
and  soil,  but  a  small  part  of  it  being  visible.  On  being  ex- 
humed it  was  found  to  lie  with  its  conical  point  downward, 
the  reverse  of  the  position  shown  in  fig.  2  of  plate  xvi.  It 
is  probable  that  in  passing  through  the  air  in  its  descent  it 
had  that  position.     The  denser  part  is  in  the  cone  and  that 

•  Proc,   Rochester  Academy  of  Science,  vol.  4,  pp.  337-148,  March.  1904. 
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part  must  necessarily  have  been  in  advance  of  the  lighter 
portion,  which  was  that  shown  now  by  the  lower  surface. 
The  lower  surface  has  lost  a  large  portion  of  its  original 
mass  through  the  removal  of  such  ingredients  as  once  filled 
the  openings.  Those  ingredients  were  certainly  not  metallic 
iron,  but  probably  such  stony  matter  as  is  fpequently 
known  to  accompany  sideritic  meteorites;  although  at  the 
present  time  no  trace  of  such  stony  matter  remains. 

The  whole  surface  has  lost  its  original  scale,  if  it  had 
one,  and  is  covered  now  by  a  film  of  iron  rust,  which,  in 
some  of  the  protected  depressions  at  the  base  of  the  conical 
part,  is  so  thick  that  it  forms  a  firm  scale  about  a  thirty- 
second  part  of  an  inch  in  thickness.  Such  scale  of  iron 
rust,  which  must  have  covered  the  whole  mass  rather  uni- 
formly originally,  and  has  been  rubbed  off  by  the  accidents 
of  transportation,  indicates  the  long  period  of  time  which 
has  elapsed  since  the  iron  reached  the  earth.  It  appears  to 
require  an  oxidation  continued  through  many  centuries,  and 
perhaps  thousands  of  years.  On  the  conical  part  Dr.  Ward 
mentions  the  occurrence  of  isolated  small  protuberances  of  a 
slightly  darker  shade  than  the  main  mass.  He  attributes 
them  to  "flows  of  melted  matter  which  were  once  more 
widespread,  or  continuous;"  they  would,  in  that  case,  be 
remnants  of  the  fused  dark  film  by  which  all  meteorites  are 
covered  when  they  fall.  It  might  be  questioned,  however, 
whether  such  fused  flowage  matter  would  be  less  or  more 
oxidizable  than  the  mass  of  the  iron.  Being  non-crystalline 
it  would  be  reasonable  to  expect  it  to  be  more  attackable  by 
the  atmosphere,  and  by  moisture  in  the  ground,  than  the 
crystalline  iron  mass,  and  hence,  rather  than  standing  out  in 
prominences  it  would  wholly  decay  and  slough  off  before 
the  iron  could  be  reached.  The  writer  noticed  these  darker 
patches,  which  average  from  half  to  three-quarters  of  an 
inch  across,  and  on  the  spot  assumed  that  they  are  due  to 
inequalities  in  the  iron,  or  to  the  occurrence  of  some  ingre- 
dient less  oxidizable  than  the  iron  by  which  they  are  sur- 
rounded. They  do  not  appear  to  be  composed  of  troilite  nor 
of  anv  silicate,  and  the  the  occurrence  of  diamonds  of  that 
Size,  while  possible,  is  perhaps  too  bold  a  suggestion  to  be 
entertained. 
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The  flange,  or  rim,  of  the  meteorite  presents  characters 
very  remarkable  and  different  from  the  conical  part.  Here 
can  be  seen  those*  surface  pittings  which  are  common  on 
meteorites.  They  are  coarse,  sometimes  reaching  more  than 
an  inch  in  diameter.  They  can  be  seen  on  the  plate  (xiii) 
at  the  lower  left  hand  corner  of  figure  i  and  less  distinctly 
at  the  right  hand  lower  corner  and  uniformly  over  the  lower 
surface  in  figure  2.  So  far  as  the  writer  observ- 
ed there  is  here  no  remnant  of  the  "black  crust,''  but  the  de- 
pressions are  covered  with  a  later-formed  crust  of  iron  rust. 
This  rusting,  however,  appears  to  have  been  less  intense 
than  on  the  cone.  The  film  is  not  so  thick  and  the  pittings 
themselves  are  not  destroyed.  This  difference  may  be  due 
to  the  fact  that  the  upper  surface,  as  it  lay  in  the  ground, 
was  less  continuously  wet,  and  may  have  stood  for  many 
years  some  inches  above  the  surface  of  the  soil.  These  sur- 
face pittings  do  not  appear  in  the  basins'  and  holes  that  char- 
acterize the  lower  surface  of  the  meteorite,  but  the  interior 
surfaces  of  those  basins  are  marked  by  larger,  irregular 
swellings  and  branches  that  resemble,  in  shape  the  irregu- 
larities which  mark  the  outlines  of  these  basins  at  their  in- 
tersection with  the  general  surface.  This  curious  appear- 
ance is  illustrated  by  fig.  2,  plate  xvi,  where,  by  a  conceit 
of  the  photographer,  two  children  are  seen  resting  in  the 
concavities. 

It  is  only  by  reference  to  the  photograph  copied  from 
Dr.  Ward's  description,  that  one  can  get  a  correct  idea  of 
these  most  singular  concavities.  They  swell  out  so  as  to 
come  into  union  with  each  other,  or  almost  into  contact, 
separated  only  by  thin  partitions  of  the  metallic  iron  of  the 
mass.  The  iron  which  separates  these  basins  along  such 
partitions,  leaves  on  breaking  down,  or  rusting  away,  sharp 
edges  and  little  buttresses.  Some  of  the  depressions  are 
small,  not  more  than  an  inch  in  diameter.  They  all  come  to 
sharp  edges  where  they  intersect  the  pitted  surface,  and  al- 
most without  exception  they  are  larger  at  some  depth  from 
the  surface  than  at  the  surface.  The  smaller  ones  appear 
not  only  in  the  main  metallic  mass,  near  the  base  of  the  con- 
ical part,  but  most  abundantly  throughout  the  iron  that  en- 
closes the  large  concavities.  Some  of  these  smaller  open- 
ings are  elongated  like  auger  holes,  and  some  of  them  pass 
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quite  through  the  flange,  being  a  foot  or  more  in  length 
and  only  an  inch  or  two  in  diameter.  From  these  elongated 
holes  there  are  all  stages  of  gradation  to  the  shallower  and 
larger  basins,  indicating  a  common  nature  and  origin. 

Dr.  Ward  makes  a  distinction  between  the  channels 
and  basins  on  the  two  sides  (the  upper  and  the  lower)  of 
the  iron  mass.  Those  on  the  conical  side  (the  brustseite) 
are  attributed  by  him  to  atmospheric  pressure  and  friction. 
Those  which  cross  the  outer  edge  of  the  great  flange,  cut- 
ting channels  across  its  outline,  he  likewise  ascribes  to  the 
action  of  the  compressed  air  and  the  heat  resulting  from  the 
passage  of  the  mass  through  the  atmosphere,  while  those 
which  are  wholly  confined  to  the  lower  surface,  not  pene- 
trating deep  enough  to  reach  the  brustseite,  nor  extending 
laterally  far  enough  to  reach  the  outer  edge  of  the  flange, 
he  attributes  to  atmospheric  decomposition  of  the  iron  since 
it  fell,  aided  by  the  moist  soil  and  the  carbonic  acid  result- 
ing from  vegetable  decay. 

The  parties  having  the  meteorite  in  charge  at  the  Lewis 
and  Clark  Exposition,  attached  a  label  which  read  as  fol- 
lows, evidently  derived  from  Dr.  Ward's  paper : 

"When  this  meteorite  was  discovered  it  was  imbedded  in  the 
earth,  the  base  uppermost,  the  position  which  it  probably  held 
when  it  fell  through  our  atmosphere,  centuries  ago.  The  pitting, 
hollowings,  and  channelings  observed  on  the  surface  are  due  tb 
the  heat  caused  by  the  compression  of  the  air." 

We  are  compelled  to  take  sharp  issue  with  Dr.  Ward  as 
to  the  origin  of  these  features.  We  did  not  notice  any  of 
those  differences  which  he  mentions,  and  most  of  the  hypo- 
thetical operations  of  the  air  appear  to  be  problematical  or 
impossible,  so  far  as  applicable  to  this  meteorite.  We  can- 
not  understand  how  the  air  can  bore  auger  holes  into  an 
iron  meteroite,  and  that  too  in  various  directions.  Some 
of  these  small  excavations  are  directed  parallel  (or  approxi- 
mately so)  to  the  supposed  direction  of  flight ;  others  are 
nearly  at  right  angles  to  it.  They  also  branch  or  anasto- 
mose with  others.  They  appeared  to  the  writer  to  grade,  as 
to  form  and  position  in  the  iron  mass,  into  each  other,  and 
to  differ  only  because  of  the  form  and  position  of  some  dif- 
ferent ingredient  which  once  occupied  the  cavities.  It  is 
to  the  writer  very  questionable  whether  any  meteorite,  in 
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passing  through  the  atmosphere,  becomes  heated  to  the 
depth  of  any,  even  the  shallowest,  of  these  cavities.  When 
the  Winnebago  meteorite  fell,  one  of  the  three  large  masses 
struck  in  a  meadow  where  the  dried  long  grass  was  carried 
by  it  into  the  earth.  On  being  exhumed  the  dry  grass  had 
not  been  consumed,  nor  charred,  but  adhered  to  the  meteor- 
ite when  it  was  taken  out.  Another  small  piece  fell  on  a 
straw  stack  but  did  not  set  it  on  fire.  This  goes  to  show 
that  the  heat  experienced  by  a  meteorite  when  it  falls  is  but 
momentary,  and  affects  only  the  surface.  It  is  intense,  and 
fuses  the  matter  of  the  meteorite  superficially  forming  a 
glassy  "black  crust"  which  is  well  known;  and  it  goes  also  ^ 
to  show  that  such  channels  and  furrows  as  observed  on  the 
Willamette  meteorite  can  scarcely  be  attributed  to  heat  and 
friction  of  the  air  at  the  time  of  the  fall.  It  is  difficult  to 
understand  why,  if  these  phenomena  be  due  to  the  heat  and 
friction  of  compressed  air  during  the  passage  of  the  mass 
through  the  air,  they  are  confined  to  the  rear  surfaces  of  the 
mass.  It  would  be  reasonable  to  expect  to  see  the  effect  of 
compressed  air  at  the  point  of  greatest  compression,  i.  e.,  the 
front  side  of  the  mass,  but  they  are  entirely  wanting  on  the 
front.     They  are  most  abundant  on  the  rear  flat  surface. 

Again  it  is  difficult  to  understand  why  an  iron  mass 
shoufd  be  corroded  and  rusted  out,  in  the  manner  assumed 
Dy  Dr.  Ward,  by  atmospheric  air  and  water  after  it  fell. 
He  assumes  that  initial  rusting  points  extended  themselves 
so  as  to  form  basins  and  cavities  such  as  seen  on  the  base 
of  this  meteorite,  the  carbonated  water  once  gathered  in  the 
depression  having  eaten  into  the  iron  deeper  and  deeper, 
expanding  its  basin  on  all  sides  as  it  goes  down.  It  would 
be  germane  to  inquire,  under  that  hypothesis,  (i)  Why  the 
depressions,  were  not  filled  with  iron  rust  instead  of  soil 
when  they  were  discovered?  (2)  If  the  mass  was  uniform 
iron,  as  presumed  by  this  hypothesis,  why  was  it  "not  uni- 
formly rusted  all  over  the  surface,  even  the  upper  (originally 
upper)  surface  which  was  slightly  "cro\yning"  so  as  to  shed 
water?  (3)  Why  was  the  edge  of  the  flange  eaten  into,  and 
even  cut  entirely  through  from  top  to  bottom  in  a  few  places 
and  not  on  all  sides  evenly?  (4)  Why  were  those  c^jVities 
and  channels  which  open  on  the  conical  surface  and  do  not 
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reach  the  bottom  surface  rusted  out  in  that  way  ?  The  acid- 
ulated waters  could  not  have  been  retained  in  them,  being 
bottom  side  up.  (5)  How  could  the  "pittings"  on  the  bot- 
tom surface  be  preserved  while  the  waters  with  which  they 
must  have  been  brought  into  contact  were  eating  such  enor- 
mous cavities  in  the  immediate  and  contacting  iron.*  (6) 
why  are  the  bottoms  of  these  basins  always  basin-shaped, 
curving  from  the  sides  regularly  inward  instead  of  being 
flat  and  the  sides  expanded  outwardly  to  the  very  bottom? 

We  prefer  to  consider  all  these  cavities  as  due  simply 
to  the  vacancies  left  after  the  removal  of  other  minerals, 
such  as  troilite,  olivine,  enstatite  and  perhaps  other  silicates. 
It  is  but  fair  to  Dr.  Ward  to  state  that  he  recognizes  this 
possible  cause  for  these  cavities.  But  he  plainly  does  not 
approve  it,  since  he  dwells  on  the  causes  discussed  by  him 
at  length  and  only  mentions  this  as  a  possible  alternative. 
Again,  the  agent  of  removal  of  such  stony  matter  he  implies 
was  heat  and  friction  at  the  time  of  the  fall,  these  materials 
being  considered  by  him  as  "softer  and  more  easily  yielding 
to  attrition.'* 

On  the  other  hand  these  cavities  have  probably  all  been 
formed  since  the  meteorite  fell,  and  the  manner  of  removal 
of  the  minerals  that  formerly  filled  them  was  oxidation  and 
solution.  The  shape  of  these  cavities  is  characteristic.  In 
the  association  of  metallic  iron  with  the  usual  meteoric  sili- 
cates the  iron  usually  presents  concave  surfaces  toward  the 
minerals.  These  concave  surfaces  come  into  contact  with 
the  convex  surfaces  of  the  masses  of  stonv  matter.  The 
iron  is  cellular  or  spongy  with  roundish  cavities,  and  runs 
to  points  and  edges.  It  appears  to  have  taken  shape  after 
the  other  minerals,  or  in*  obedience  to  the  crystalline  de- 
mands of  the  other  minerals.  This  is  well  exemplified  by 
the  Kiowa  meteorite  which  was  illustrated  bv  the  writer  in 
1890,*  and  the  writer  has  observed  no  exception  to  that  rule. 

•  The  writer  saw,  many  years  ajfo,  a  slab  of  Corniferoua  limestone 
which  had  been  drawn  up  from  the  bottom  of  lake  Huron  by  fisher- 
men on  their  nets  in  the  vicinity  of  Thunder  bay.  Michigran,  which  had 
been  corroded  by  supposed  acid  waters  that  entered  the  lake  at  invisi- 
ble sprinf^s  in  the  bottom  of  the  lake.  Its  surface  was  completely  cov- 
ered with  small  basin-shaped  depress'ons  about  W^  inch  in  depth  and 
from  1  to  2  inches  in  diameter,  but  there  was  no  portion  of  the  ori)?- 
inal   surface   remaininfc- 

•  Axsrican    OEOLoomr.   May     and  December,   1890.  vols.  6  and  7. 


^ 


256  The  American  Geologist.  October.  1905 

• 

The  cavities  in  the  Willamette  meteorite  are  in  accord  with 
it. 

Further,  th^  minerals  that  form  the  stony  parts  of  iron 
meteorites  (and  the  same  is  true  of  stony  meteorites)  are 
particularly  susceptible  to  oxidation  and  total  decay.  That 
is  probably  the  reason  that  by  far  the  larger  number  of 
meteorites  which  have  been  found,  without  any  knowledge 
of  the  date  of  their  falling,  are  irony  meteorites,  while  by 
far  the  larger  number  of  those  which  have  been  seen  to  fall 
are  stony  meteorites.  If  this  ratio  has  prevailed  through- 
out past  ages,  it  argues  that  the  stony  meteorites  have 
rotted.  It  has  even  been  suggested  that  all  or  many  of  the 
irony  meteorites  that  have  been  found  are  merely  the  irony 
remnants  of  former  stony  meteorites  which  have  other- 
wise rotted  and  been  converted  into  soil.  The  mineral 
olivine  is  one  of  the  most  easily  changed  silicates,  a  fact 
familiar  to  all  petrographers.  It  has  contributed  largely 
toward  the  serpentinous  greenstones.  Its  easy  decay  loos- 
ens and  promotes  the  alteration  of  the  other  associated  min- 
erals. It  is  a  very  abundant  mineral  in  nearly  all  irony 
meteorites.  Troilite  is  a  sulphide  of  iron.  It  is  easily  oxi- 
dized, and  gives  rise  to  sulphuric  acid  which  powerfully  at- 
tacks everything  adjacent.  We  do  not  know  what  were  the 
minerals  that  originally  filled  these  cavities,  but  that  they 
embraced  both  olivine  and  troilite  is  highly  probable. 
Microscopic  examination,  according  to  Mr.  H.  L.  Preston 
(quoted  by  Dr.  Ward),  discloses  that  "there  are  numerous 
small  troilite  nodules  from  one  to  three  millimetres  in  size 
scattered  promiscuously  .throughout  the  section^  and  a  few 
rod-shaped  ones  one  millimetre  in  width  and  in  some  in- 
stances up  to  fifteen  millimetres  in  length.  The  largest 
troilite  nodule  found  in  several  sections  was  twenty-eight 
millimetres  in  diameter."  This  strongly  indicates  that  one 
of  the  chief  minerals  originally  in  these  cavities  was  trolite, 
and  it  may  have  been  the  only  mineral. 

If  this  explanation  of  these  cavities  be  correct,  it  is 
reasonable  to  expect  that  in  case  a  meridional  section  of  the 
mass  is  ever  made  it  will  disclose  some  large  roundish 
masses  of  troilite,  which  is  very  likely  to  be  associated  with 
some  silicate  minerals. 
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The  *'furrows"  that  appear  on  the  brustseite  which  are 
referred  by  Dr.  Ward  to  the  heat  and  friction  of  the  atmos- 
phere, are  generally  shallower  than  those  on  the  lower  sur- 
face. There  is  no  question  that  such  a  mass  of  iron  in  fall- 
ing through  the  atmosphere  would  lose  a  considerable 
amount  of  its  surface  by  heat  and  friction.  The  brilliant 
trail  which  is  well  known  to  mark  the  course  of  a  meteorite 
in  falling  through  the  air  attests  the  loss  of  matter  from  the 
meteorite.  But  it  would,  be  very  singular  if,  during  the 
short  interval  of  time  occupied  by  the  descent,  the  air 
should  make  such  selective  "gougings"  as  are  seen  on  this 
meteorite. 

We  cannot  perhaps  satisfactorily  account  for  the  shal- 
lower forms  of  the  depressions  referred  by  Dr.  Ward  to 
atmospheric  pressure  and  heat  seen  on  the  upper  side  of 
the  iron ;  but  it  seems  to  the  writer  that  they  were  also  once 
occupied  by  the  same  minerals  as  above  mentioned,  and 
that  an  earlier  period  in  the  history  of  the  mass  had  worn 
them  down  or  cut  them  off  uniformly  with  the  surface  of 
the  iron  so  that  when  they  entered  the  earth's  atmosphere 
these  depressions  in  the  iron  surface  existed  but  were  filled 
with  smaller  remnants  of  the  stony  matter.  It  is  useless  to 
inquire  into  the  earlier  history  of  this  mass,  but  it  must  be 
admitted  that  it  parted  from  some  mass  like  itself,  and  its 
troilite  masses  must  have  been  rent  asunder  whenever  the 
plane  of  separation  crossed  them.  Thus  some  of  the  troil- 
ites  at  the  present  surface  may  have  been  shallower  than 
others.  Further  these  shallow  depressions  are  not  confined 
to  the  brustseite,  nor  the  deep  ones  to  the  rear  surface.  If 
they  were  thus  distributed  there  would  be  more  force  in  Dr. 
Ward's  assumption. 

It  is  needless  to  say  that  this  iron  constituted  the  most 
wonderful  single  object  in  the  mining  building.  It  is  the 
largest  meteorite  ever  found  in  the  United  States,  and  ac- 
cording to  Dr.  Ward  the  fourth  largest  known  to  science. 
We  cannot  but  sympathize  with  those  Oregon  scientists 
who  wish  to  have  it  remain  in  the  state  of  Oregon,  rather 
than  see  it  transported  to  some  eastern  museum. 

N.   H.  W. 
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A  preliminary   list   of  mastodon  amd  mammoth  remains  in  Illinois 

and  Iowa,     Netta  C.  Anderson. 
On   the  proboscidean   fossils   of  the  Pleistocene  deposits   in  Illinois 

and  Iowa.    Johan  August  Uddbn. 

(Augustana  Library  Publications.  No.  5.  Rock  Island,,  IlL 
1905.) 

These  papers  constitute  an  important  addition  to  the  literature 
of  Pleistocene  geology.  Miss  Anderson  has  gathered  the  data,  so 
far  as  the  same  can  be  ascertained,  concerning  all  the  known  in- 
stances of  the  discovery  of  the  remains  of  these  extinct  animals 
in  the  states  of  Illinois  and  Iowa,  culling  from  geological  reports 
and  other  publications,  and  from  museums  and  curators  such  facts 
as  have  not  been  published.  The  total  number  of  finds  is  over 
eighty.  Two  outline  county  maps  of  these  states  show  the  geo- 
graphic distribution  of  these  remains,  from  which  it  appears  that 
the  mastodon  and  mammoth  ranged  throughout  these  states.  In 
Illinois  the  localities  are  rather  evenly  scattered,  but  in  Iowa  they 
are  far  more  numerous  in  the  southeastern  part  of  the  state,  usually 
prevailing  along  the  main  river  valleys.  In  the  southwestern  part 
of  Iowa  also  is  a  grouping,  suggesting  some  relation  to  the  great 
valley  of  the  Missouri  river. 

These  eighty  odd.  finds  are  discussed  by  Prof.  Udden  from  four 
points  of  view,  viz:  (1)  Conditions  of  interment;  (2)  Specific  de- 
termination; (3)  Relation  to  different  drifts;  (4)  association  with 
other  fossils. 

In  relation  to  the  method  and  conditions  of  interment  Prof. 
Udden  makes  the  broad  statement,  "that  the  greater  number  of 
the  animals  whose  remains  have  been  discovered  perished  in  low 
and  boggy  localities,  sometimes  probably  in  search  for  water  or 
«alt.  These  remains  have  come  from  stream  beds  and  alluvial  de- 
posits, and  from  terrace  and  glacial  gravels.  But  most  of  the  fos- 
sils have  come  from  the  loess  or  from  near  the  surface  of  the 
boulder  clay  under  the  loess."  Prof.  Udden  gives  the  following 
table  of  conditions  of  interment: 


Streams  or  in  alluvium. 

Glacial  gravels 

Bogs  or  near  springs 

Loess  or  on  Glacial  clays 
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As  to  the  specific  identification,  the  following  have  been  ex- 
pressly identified:  Mastodon,  Elephas  primigenius  and  Elephas 
americanus,  the  first  mentioned  probably  being  Mastodon  ameri- 
canus,  of  which  39  individuals  are  listed. 

The  relations  these  fossils  bear  to  the  different  parts  of  the 
drift  sheet  as  more  recently  subdivided  by  the  Iowa  geologists  Is 
plainly  one  of  great  interest.  Many  of  the  observations  were  made 
before  the  different  parts  of  the  drift  had  been  recognized,  "and 
some  were  even  made  by  geologists  who  did  not  regard  land  ice  as 
necessarily  an  agent  in  the  deposition  of  the  glacial  till."  Barring 
all  the  uncertainties  and  imperfections  of  the  record  of  the  data 
discussed  the  author  still  reaches  some  valuable  and  interesting 
conclusions.    These  conclusions  are  .  tabulated  below. 


AGE 


fee 

Co 


9i 


CO 


h:^ 


Specimens  of  unknown  age. 

Mammoth  

Elephas  primigenius  

Elephant 

Mastodon   

Undetermined 

Specimens  of  the  pre-Kansan   (?)  or  Kansan 
(?)  age. 

Mastodon  

Specimens  from  the  ferretto  zone,  post-Kan- 
san  and  pre-loessian. 

Mastodon  

Specimens  from  the  surface  of  the  Illinoian 
drift,  post-Illinoian  and  pre-loessian. 

Undetermined 

Specimens  from  the  base  of  the  loess,  post- 
Kansan  and  pre-Iowan. 

Elephant  

Mammoth  

Mastodon   

Undetermined 

Specimens  from  the  loess. 

EHephas  amerlcanus 

Mammoth  

.  Undetermined    

From  the  area  of  the  lowan  drift,  post-Iowan. 

Mammoth 

Mastodon  


9 
2 

7 
13 


30  4; 

O  a> 

X  w  so 

c  ^-^ 
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2 
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2 
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1 
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AGE 

4 
II 

111 

From  The  area  of  the  Wisconsin  drift,  post- 
Wisconsin. 
Elephaa  primlgenius   

1 

1 

2 

4 
1 

Mammoth    

1 
.    2 

From  alluvium,  mostly  sub-recent,  but  some, 
perhaps,  older. 

. 

Associated  with  these  mastodon  and  mammoth  foeailB  hare 
been  found  also  the  bones  ot  the  buffalo,  wolf,  peccary  deer  and 
«lk;  also  the  "land  shells  Helicina.  Succlnea,  Pryamfdula.  Blfidaiia, 
Limneea  and  others  which  are  characteristic  of  the  loess."  "In  Rock 
Island  the  loess  which  contained  elephant  bones  also  contained 
fragments  of  coniferous  wood,  and  at  Davenport,  in  Iowa,  the  peaty 
loess  from  which  tusks  and  other  bones  were  taken  has  a  seam 
of  diatomaceous  earth,  In  which  no  less  than  thirty-three  now 
living  species  of  diatoms  have  been  identified-" 

The  discovery  of  these  land  mammal  fossils  in  the  loess  which 
contains  the  land  shells  so  often  a,)pcaled  lo  by  those  who  adopt 
the  eolian  theory  of  the  origin  of  the  loess  in  the  Miasissippl  val- 
ley, adds  Fo  much  more  of  the  same  kind  of  evidence  to  the  sup- 
port of  thai  theory.  It  Is  only  necessary  to  assume  that  the  Wind 
storms  thai  buried  (he  land  shells  In  wind-blown  dust  and  sand 
were,  say,  ten  thousand  limes  more  violent  and  dust-laden  than 
has  been  supposed,  and  thai  the  great  land  animals  that  co- 
existed wlih  the  snails  were  overwhelmed  at  the  same  time.  And, 
further,  the  winds  must  have  been  violent  enough  to  rend  apart 
their  carcases  and  to  scatter  the  bones  of  their  skeletons  for  con- 
siderable distances  asunder,  even  extracting  the  leeth  from  their 
sockets.  It  Is  a  much  more  natural  and  simple  matter  to  get  the 
wind-blown  dust  and  the  laminated  loess  Into  superposition  above 
these  fossils  than  to  get  the  fossils  below  considerable  thlcknessea 
of  the  laminated  loess.  The  sollan  hypothesis  accomplishes. this  In 
8   most   admirable   and   satisfactory   manner. 

Prom  the  foregoing  table  It  is  learned  that  the  mastodon  and 
the  mammoth  existed,  perhaps,  prior  lo  the  Kansan  Ice  epoch,  and 
continued  Into  the  lowan  epoch,  into  the  Wisconsin  and  even  Into 
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the  sub-recent,  having  become  extinct  perhaps  not  more  than  five 
thousand  years  ago. 

As  to  man  and  the  elephants,  these  data  give  no  direct  testi- 
mony that  they  were  cotemporary,  except  in  one  instance.  Mr.  M. 
T.  Myers,  of  Fort  Madison,  reports  the  finding  of  "one  human  leg 
bone  and  one  flint  arrow  head"  associated  with  the  remains  of  the 
mammoth  in  the  alluvium  of  Lee  county,  Iowa.  This  is  in  the 
region  where  so-called  "elephant  pipes"  have  been  claimed  to  occur 
in  mounds  constructed  by  earlier  inhabitants  of  the  country.  "At 
all  events  the  evident  recency  of  some  of  the  proboscidean  remains 
makes  us  expectant  of  some  fortunate  discovery  giving  conclusive 
proof  that  man  lived  on  this  continent  while  these  huge  mammal^ 
were  yet  here."  n.  h  w. 

Indiana  liepartment  of  Geology  and  Natural  Resources.    29tb  Annual 
Report,    W.  S    Blatchlev.  State  Geologist,  pp.   1-888;    pi.,  34; 

figs.,  67;   maps,  7;   Indianapolis,  1905. 

In  the  introduction  to  this  report  Prof.  Blatchley  reviews  the 
development  of  the  natural  resources  of  the  state  during  the  past 
ten  years.  During  1895  the  total  output  of  coal,  oil,  gas,  building 
stone,  clay-products  and  portland  cement  was  $16,770,816,  while  in 
1904  the  total  output  of  these  same  products  was  $36,028,755,  or  an 
increase  of  115  per  cent. 

The  body  of  the  book  is  made  up  of  an  article  on  "The  Clays 
and  Clay  Industries  of  Indiana"  by  W.*  S.  Blatchley.  In  the  open- 
ing chapter  he  treats  of  the  technology  of  clay.  The  geological 
distribution  of  Indiana  clays  forms  the  subject  of  the  second  cliap- 
ter  which  is  followed  by  "The  Clays  of  Indiana  by  Counties"  in 
which  the  clays  within  five  miles  of  transportation  lines  are  taken 
up  and  discussed  in  detail.  Analyses  are  given  and  suggestions 
made  as  to  the  possible  utility  of  individual  deposits.  These  are 
frequently  accompanied  by  maps  and  halftones  of  the  exposures. 
In  the  fourth  chapter,  the  clay  working  industries  qf  Indiana,  he 
discusses  the  growth  of  the  clay-working  industries  of  the  state 
from  $3,858,350  in  1900.  to  $6,085,242  in  1904,  and  gives  in  detail  the 
methods  and  processes  of  manufacture,  tests  and  uses  of  the  pro- 
ducts made  from  Indiana  clays.  These  include  paving  material, 
sewer  pipe  and  hollow  wares,  refractory  products,  pottery  and 
allied  products,  dry  pressed  brick,  structural  terra  cotta.  building 
brick  and  tile  and  the  production  of  clay  for  shipment.  This  article 
is  calculated  to  be  a  practical  aid  to  the  development  of  the  clay 
resources  of  the  state  and,  while  a  larger  number  of  maps  would 
have  added  to  its  value,  yet.  it  serves  that  end  admirably.  It  is 
intended  largely  for  the  use  of  the  layman  and  is  couched  in  the 
clear  simple  language  characteristic  of  the  author. 

The  remaining  quarter  of  the  book  contains  five  articles,  the 
first  of  which  is  the  report  of  the  mine  inspector,  James  Epperson. 
This  shows  the  total  output  of  coal  for  1904  to  be  9,872,404  tons 
against  9.992,553  tons  for  1903.     The  next  article  is  the  report  of 
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the  gas  inspector,  Bryce  A.  Kinney,  which  is  followed  by  a  short 
article  by  Prof.  Blatchley  on  the  utilization  of  convict  labor  in  the 
making  of  road  material.  The  petroleum  industry  of  Indiana,  by 
Blatchley,  concludes  the  geological  part  of  the  book.  He  states 
that  ''The  output  for  1904  was  greater  than  in  any  previous  year, 
both  in  the  number  of  barrels  produced  and  in  value,  though  the 
average  market  price  declined  nearly  seven  cents.  Since  1898  each 
year  has  seen  an  increase  in  production,  and  in  the  seven  years  has 
more  than  trebled."  The  most  important  development  during  the 
year  was  in  the  Munsie-Parker-Selma  field  where  |i  third  "pay 
streak"  was  discovered  240  to  300  feet  below  the  top  of  the  Tren- 
ton rock  at  this  place.  The  output  for  1904  was  11,330,030  barrels 
valued  at  $12,127,107.  The  last  article  is  by  Melville  T.  Cook  cm 
the  "Insect  galls  of  Indiana."  j.  w.  B. 
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Glacial  (Dwyka)  conglomerate  of  South  Africa.  (Am.  Jour. 
Sci.,  vol.*  20,  pp.  107-119,  Aug.,  1905.) 

MURGOCI,  Q.  M. 

Genesis  of  Riebeckite  rocks.  (Am.  Jour.  Sci.,  vol.  20,  pp.  33- 
146,  Aug.,  1905.) 

NEWELU  F.  H.  (and  R.  E.  NORTON,  N.  C.  QROVER,  J.  C.  HOYT.) 

Report  of  the  Progress  of  Stream  Measurements  for  the  year 
1904.     U.  S.  G.  S.  Wat.  Sup.  &  Irr.  Pap.  No.  125,  pp.  114,  pis.  2,  1905. 

NEWELL,  F.  H.  (and  C.  C.  BABB,  and  J.  C.  HOYT). 

Report  of  Progress  of  Stream  Meai^rements  for  the  Calendar 
Year  1904.  U.  S.  G.  S.  Wat.  Sup.  and  Irr.  Pap.  No.  130,  pp.  204,  pis. 
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NEWELL,  F.  H.   (D.  W.  ROSS,  J.  T.  WHISTLER,  T.  A.  NOBLE). 

Report  of  progress  of  stream  measurements  for  the  calendar 
year  1904.    Wat.  Sup.  &  Irr.  Pap.  No.  135,  pp.  300,  1905. 

NOBLE,  T.  A.  (See  NEWELL,  F.  H.) 

OSBORN,    H.    F. 

Western  explorations  for  fossil  vertebrates.  (Pop.  Sci.  Month., 
vol.  67,  p.  561,  Oct.,  1905.) 

OSBORN,    H.    F. 

Skull  and  skeleton  of  sauropodous  dinosaurs  Moraeaurus  and 
Brontosaurus.     (Science,  vol.  22,  p.  374,  Sept.  22,  1905.) 

OSBORN,  H.  F. 

Recent  vertebrate  paleontology.  (Science,  vol.  22,  p.  18,  Aug. 
11,  1906.) 

PECK,  F.  B. 

The  talc  deposits  of  Phlllipsburg,  N.  J.,  and  Easton,  Pa.  (An. 
Rep.  State  (Geologist,  N.  J.,  1904,  pp.  163-185.) 

PENFIELD,  S.  L.  (and  G.  S.  JAMIESON). 

Tychite,  a  new  mineral  from  Borax  lake,  California,  and  on  its 
artificial  production  and  on  its  relations  to  northrupite.  (Am. 
Jour.  Sci.,  vol.  20,  pp.  217-225,  Sept.,  1905.) 

PERKINS,  W.  R.  (See  LOGAN,  W.  N.) 

PRATHER,  J.  K. 

The  Atlantic  Highland  Section  of  the  New  Jorsev  Cretacic. 
(Am.  Geol.,  vol.  36,  pp.  1G2-179,  Sept.,  1905.) 

PRINDLE,   L.   M. 

The  gold  placers  of  the  Fortymile,  Birch  Creek  and  Fairbanks 
regions,  Alaska.     Bull.  261,  U.  S.  Geol.  Sur.,  pp.  84,  pis.  16,  1905. 

PR0S8ER,  CHAS.  S. 

The  Delaware  Limestone.  (Jour.  Geol.,  vol.  18,  pp.  413-443, 
July-Aug.,  1906.) 
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PR088ER,  CHA8.  8. 

Notes  on  the  Permian  Formation  of  Kansas.  (Am.  GeoL,  vol. 
13,  pp.  143-162,  Sept.,  1905.) 

RAFTER,  GEO.  W. 

Hydrolology  of  the  State  of  New  York.  New  York  State  Mus. 
Hull.  85,  pp.  902,  pis.  45,  maps  5,  1905. 

REID,  J.  A. 

The  structure  and  genesis  of  the  Comstock  lode.  (Univ.  Gal., 
Hull.  Geol.  Dept.,  vol.  4,  pp.  177-199.) 

RIE8,   H. 

The  production  of  flint  and  feldspar  in  1904.  (Min.  Resc.  U.S., 
U.  S.  Geol.  Sur.  1904,  5  pp.) 

R0S8,  D.  W.   (See  NEWALL,  F.  H.) 

8LICHTER,  CHA8.  8. 

Observations  on  the  Ground  Watens  of  Rio  Grande  Valley.  U. 
S.  G.  S.  Wat.  Sup.  and  Irr.  Pap.  No.  141,  pp.  81,  pis.  5,  1905. 

8PURR,  J.  EDW. 

Descriptive  Geology  of  Nevada  South  of  the  Fortieth  Parallel 
and  Adjacent  Portions  of  California  (Second  Edition)  U.  S.  G.  S. 
Bull.  No.  208,  pp.  229,  pis.  8,  map,  1905. 

8TANT0N,  T.  W. 

Stratigraphic  notes  on  Malone  mountain  and  the  surrounding 
region  near  Sierra  Blanca,  Tex.  (Bull.  U.  S.  G.  S.,  No.  266,  pp. 
23-33,  1905.) 

8T0NE,  R.  W. 

Mineral  Resources  of  the  Elders  range  quadrangle,  Pennsyl* 
vania.     U.  S.  G.  S..  Bull.  No.  256,  pp.  1905. 

TAFF,   J.   A. 

Description  of  the  Tahlequak  folio.  U.  S.  Geol.  Sur.,  Geol. 
Atlas,  Folio  No.  122,  1905. 

WARD,  L.  F.   (W.  M.  FONTAINE,  ARTHUR   BIBBIN8,  Q.   R.  WIE- 
LAND). 

Status  of  the  Mesozoic  flora  In  the  United  States,  second  paper. 
Part  I.  text,  and  Part  2,  plates.  Mon.  U.  S.  Geol.  Sur.,  vol.  48,  pp. 
61G,  pis.  119,  1905. 

WARING,  G.  A. 

Quartz  from  San  Diego  county,  California.  (Am.  Jour.  Sci., 
vol.  20,  pp.  125-128,  Aug.,  1905.) 

WEEKS,  F.  B. 

Bibliography  and  index  of  North  American  Geology,  Paleontol- 
ogy, Petrology  and  Mineralogy,  for  the  year  1904.  U.  S.  Geol.  Sur., 
Bull.   271,   pp.   218,   1905. 

WHI8TLER,  J.  T.  (8ee  NEWELL,  F.  H.) 
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WIELAND,  Q.  R.  (See  WARD,  L.  F.) 

WOODWORTH,  J.  B. 

Pleistocene  Geology  of  Mooers  Quadrangle,  New  York  State 
Mus.,  Bull.  83,  pp.  60,  pis.  25,  map,  1905. 

WOODWORTH,  J.  B. 

Ancient  water-levels  of  the  Champlain  and  Hudson  valleys,  N. 
Y.  State  Museum,  Bull.  84,  pp.  265,  plates  28,  July,  1905. 


CORRESPONDENCE 


Economic  Geology  in  Peru. — ^It  might  be  of  some  interest  to 
the  readers  of  the  American  Geologist  to  learn  something  about 
the  scientific  organization  recently  created  by  the  government  of 
Peru  to  investigate  the  natural  resources  of  the  republic.  Owing 
to  the  very  rapid  development  of  the  various  mining  industries,  the 
establishment  of  a  bureau  which  should  be  authorized  by  the  gov- 
ernment to  locate  and  fix  boundaries  of  mining  claims,  collect  sta- 
tistics relative  to  the  production  and  values  of  ores,  and  accumu- 
late various  data  relative  to  the  geology,  mineralogy,  and  geog- 
raphy of  the  country,  became  an  immediate  necessity.  Accordingly 
in  1902  the  bureau  now  known  as  the  "Cuerpo  de  Ingenieros  de 
Minas  del  Peru"  was  established  with  Sr.  J..  Balta,  the  present  min- 
ister of  public  works,  as  the  director.  It  was  soon  discovered  how' 
ever,  that  the  subjects  and  projects  demanding  the  immediate  and 
serious  consideration  of  this  organization  were  so  numerous  and 
varied  in  kind,  that  it  became  highly  advisable  to  classify  the  work 
in  hand  and  distribute  allied  lines  of  investigation  to  independent 
commissions  each  with  its  chief  and  corp  of  assistants,  the  series 
of  commissions,  however,  being  under  the  general  charge  of  the 
Director  of  the  "Cuerpo,"  Sr.  Marco  A.  Denegeri.  The  divisions 
of  the  "Cuerpo"  are  as  follows: 

1.  Division  of  Mines,  established  1902,  including: 

(a)  Permanent    commissions   in   large  mining  areas,   to  locate 
claims,  fix  boundaries,  etc. 

(b)  Exploratory  commissions   to   investigate    and    report   upon 
newly  discovered  mining  areas. 

2.  Division  of  Water  Supply,  established  1904,  including: 

(a)  Engineering  projects  relating  to  the  storage  and  distribu- 
tion of  surface  water  fop  irrigation  puri)oses. 

(b)  Geological  Investigations  to  determine  location  and  distribu- 
tion of  underground  waters. 

3.  Division  of  Economic  Geology,  established  in  1904. 
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All  these  commissions  have  their  responsible  chiefs  and  one  or 
more  assistants  and  among  these  chiefs  are  four  American  special- 
ists, namely.  Dr.  George  T.  Adams,  in  charge  of  underground  watera, 
M.  H.  Hurd  and  Chas.  W.  Sutton  for  engineering  and  topographic 
work,  and  Mr.  V.  F.  Marsters  for  economic  geology.  The  only  non- 
Peruvian  technical  assistant  is  Mr.  H.  T.  Stiles,  who  is  under  the 
direction  of  Mr.  Hurd.    At  this  time  there  are  at  work: 

2  Permanent  mining  commissions. 

6  Exploratory  mining  commissions. 

1  Economic  geology  commission. 

2  Topographic  and  water-supply  commissions. 
1  Underground  water  commission. 

Generally  the  names  of  the  permanent  commissions  are  taken 
from  the  districts  in  which  they  are  located,  e.  g.,  the  Cerro  de 
Pasco,  Yauli  lea,  Callao,  etc.  commissions.  Each  commission  is  al- 
lowed a  certain  sum  of  money  which  is  under  the  direct  control 
of  the  responsible  chief. 

The  object  of  the  geological  commission. is  to  investigate  specific 
problems  relative  to  the  development  of  the  metallic  and  non 
metallic  deposits  of  Peru.  This  department  constitutes  the  first 
official  geological  survey  in  the  republic.  The  first  problem  to  be 
considered  will  be  the  geology  of  the  oil  fields  of  northern  Peru 
(Province  of  Tumbes.)  • 

While  the  "Cuerpo"  has  been  in  existence  but  a  little  over 
three  years  some  twenty-six  bulletins  dealing  with  a  wide  range 
of  subjects  have  been  published.  These  may  be  obtained  by  appli- 
cation to  the  Director,  Sr.  Denegeri. 

Lima,  Peru,  Sept.  12,  1905.  V.  F    Marsters 

Mateo  Tepee  — A  little  over  a  ^ear  ago,  while  going  over  sev- 
eral new  works,  the  writer  was  struck  by  the  many  ways  in  which 
the  several  authors  had  in  spelling  the  same  words.  Several  in- 
stances were  noted,  but  one  of  the  best  Illustrations  was  that  of  a 
volcanic  tower  in  the  northeastern  corner  of  Wyoming — "Mateo 
Tepee,"  or  what  is  more  popularly  known  as  the  "Devil's  Tower." 
This  tower  of  perpendicular  basaltic  columns,  may  be  seen  to  the 
right  of  the  Burlington  railroad  in  going  west,  between  New  Cas- 
tle and  Sheridan,  AVyoniing.  According  to  Newton  and  Jenney,  it  has 
an  elevation  of  G25  feet  from  the  surrounding  country  and  may  be 
seen  for  many  miles  around. 

Professors  Chamberlin  and  Salisbury  spell  it  in  their  new  Geol- 
ogy, page  1;>C,  f.g.   124,  "Mattco  Tepee."  locality  Wyoming. 

Prof.  R.  S.  Tarr.  spells  it,  in  his  "New  Physical  Geography," 
fig  2:n.  facing  page  127,  "Mato  Tepoe"  locality  Wyoming. 

In  the  May  number  1904,  of  the  American  Geologist,  under 
the  title  of  "Editorial  Comment,  Peleliths."  plate  22  facing  page 
324,  the  same  name  is  spelled  "Mato  Toepeo"  and  the  locality  given 
as    South   Dakota. 

In  the  "Report  on  the  Geology  and  Resources  of  the  Black  Hills 
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of  Dakota"  by  Henry  Newton  and  Walter  P.  Jenney,  1875,  published 
1889,  it  is  spelled  again  Mato  Teepee  and  the  locality  given  as 
Dakota — i.  e.  one  would  infer  as  much  from  the  title  of  the  report. 
However,  a  map  of  the  Black  Hills  was  prepared  by  these  gentle- 
men and  accompanies  the  report,  and  shows  the  tower  to  be  In 
Wyoming.  At  the  time  this  repoit  was  made  the  tower  was  called 
"The  Bad  God's  Tower"  or  in  other  words  "The  Devil's  Tower." 

The  boundary  line  between  South  Dakota  and  Wyoming  is  a 
little  west  of  104°  or  about  104°-1'.20".  "Mateo  Tepee"  or  "Bear 
Lodge"  as  Newton  and  Jenney  called  it,  is  located  on  their  map 
at  almost  exactly  104°  45'  W.  Long,  and  44°  35'  N.  Latitude.  This 
places  it  in  the  northeast  corner  of  Wyoming,  in  Crook  county. 

The  name,  "Mateo  Tepee,"  is  of  course  of  Indian  origin,  prob- 
ably from  the  Sioux,  and  literally  means  "Bear  Wigwam" — Mftteo, 
pronounced  Mah-to — meaning  bear  and  "  Tepee"  meaning  wigwam, 
lodge,  or  a  conical  tent.  In  former  days  this  region  (around  the 
Devil's  Tower)  was  a  g  reat  bear  country  and  was  visited  each  year 
by  the  Indian  bear  hunters — hence  the  name. 

In  conclusion  the  writer  believes  this  name  should  be  spelled 
"Mateo  Tepee"  and  the  locality  is  without  a  doubt  in  Wyoming. 

J     P     ROWE 

University  of  Montana,- Missoula^ 
September  21,  1905. 
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Illinois  Geological  Survey  At  the  last  session  of  the 
legislature  a  bill  was  passed  establishing  a  geological  sur- 
vey of  the  state  and  making  an  appropriation  of  $25,000  per 
year  for  this  purpose.  Of  this  amount  $10,000  may,  at  the 
discretion  of  the  board  of  control,  be  used  for  topographic 
mapping  in  cooperation  with  the  U.  S.  Geological  Survey. 
This  cooperative  work  has  been  undertaken  for  the  present 
year,  at  least,  and  work  along  this  line  was  begun  about  the 
first  of  June.  The  board  of  control  consists  of  the  governor 
of  the  state,  the  president  of  the  State  University  and  one 
other  member  to  be  appointed  by  the  governor.  Gov. 
Deneen  this  summer  appointed  as  the  third  member  of  the 
board  Prof.  T.  C.  Chamberlin.  The  headquarters  of  the 
survey  are  to  be  at  the  State  University  at  Champaign  and 
the  University  furnishes  rooms  for  the  survey.  For  print- 
ing, etc.  $5,000  is  available  from  the  state  printing  funds. 
Dr.  H.  Foster  Bain,  of  the  U.  S.  Geological  Survey  has  ac- 
cepted the  position  of  state  geologist  and  enters  upon  this 
work  November  ist. 
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University  of  Wisconsin.  During  the  coming  Janu- 
ary Mr.  Bailey  Willis,  of  the  United  States  Geological  Sur- 
vey and  Carnegie  Institution,  will  present  a  course  of  twelve 
lectures  in  the  Geological  Department  of  the  University  of 
Wisconsin  on  the  subject  of  "Continental  variations,  with 
special  reference  to  North  America."  The  course  is  given 
primarily  for  students  making  geology  a  major  study,  and 
is  open  to  such  students  not  regularly  registered  at  this 
university. 

In  the  year  1904  there  were  observed  in  Norway  35 
earthquakes,  of  which  the  most  severe  was  on  the  23rd  of 
October,  and  more  than  half  of  the  whole  number  occurred 
after  that  date. — Kolderup. 

Dr.  U  S.  Grant  returned  from  Alaska,  "  passing 
through  Minneapolis  in  the  early  part  of  September,  in  time 
to  resume  his  work  at  Northwestern  University. 

DR.  W,  J.  McGee  has  been  appointed  director  of  the 
Public  Museum  at  St.  Louis. 

The  Lake  Superior  Mining  Institute  will  hold  its 
eleventh  annual  meeting  on  the  Menominee  range  at  Ish- 
peming,  Mich.,  October  17,  18  and  19.  There  will  be  trips 
by  train  to  Crystal  Falls,  Iron  Mountain,  Escanaba  and 
Gladstone. 

Prof.  Charles  Schuchert  of  Yale  University,  has 
returned  from  a  geological  trip  extending  over  the  ancient 
formations  of  Nova  Scotia,  New  Brunswick  and  eastern 
Quebec. 

E.  H.  Sell^rds  late  of  the  University  of  Kansas,  is  in 
charge  of  the  departments  of  zoology  and  geology  at  the 
University  of  the  state  of  Florida. 

W.  J.  Miller  has  been  appointed  to  succeed  professor 
C.  H.  Smyth  Jr,  in  geology,  at  Hamilton  college,  and  M.  W. 
Twitchell  has  been  appointed  to  the  chair  of  geology  at 
South  Carolina  college,  Columbia,  S.  C. 

Prof.  C.  N.  Gould  of  the  University  of  Oklahoma,  will 
be  absent  the  current  college  year  and  his  duties  will  be 
discharged  by  Prof.  E.  G.  Woodruff. 

Charles  W.  Brown  has  been  appointed  instructor  in 
geology  and  mineralogy  at  Brown  University. 
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GLACIAL  MOVEMENTS  IN  SOUTH ERr^"?i%i(i|DI^ 
By  Prof.  G.  Fbxdxrick  Wright,  Oberlin,  Ohio. 

PLATE  XIV. 

Having  had  the  privilege  of  spending  two  or  three  days 
with  Dr.  N.  O.  Hoist,  while  he  was  engaged  in  surveying 
for.  the  geological  map  of  Skane,  the  southern  province  of 
Sweden.  I  am  permitted  to  bring  before  the  English  public 
some  of  the  important  and  remarkable  discoveries  which 
he  has  made.  These  relate  first  to  the  direction  and  force 
of  the  ice  movement,  and  secondly  to  the  unity  of  the 
period. 

Skane,  the  most  fertile  province  of  Sweden,  projects 
southward  of  the  main  peninsula  so  as  to  make  it  almost 
a  part  of  Denmark,  to  which  by  virtue  of  its  physical  geo- 
graphy it  properly  belongs.  It  is  completely  covered  with 
glacial  deposits  to  a  depth  of  100  or  200  feet.  A  very  well 
defined  terminal  moraine  runs  across  the  province  east  and 
west,  about  midwav  between  the  north  and  south  boun- 
daries. 

The  material  in  this  moraine  is  to  a  considerable  extent 
derived  from  Finland,  showing  that  the  center  of  glacial 
dispersion  was  somewhat  farther  east  in  Scandinavia  than 
has  been  supposed.  Roth  the  direction  of  the  moraine  and 
the  material  of  which  it  is  constituted  show  that  in  southern 
Skane  the  final  ice  movement  had  a  northwesterly  direction. 
That  is,  the  ice,  after  moving  down  the  axis  of  the  Baltic 
sea  in  a  southwesterly  direction,  when  it  passed  the  low 
mountains  bordering  the  northeastern  part  of  Skane,  must 
have  found  the  line  of  least  resistance  in  the  direction  of 
the  North  sea,  causing  it  to  turn  around  towards  the  north, 
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as  the  lake  Erie  ice  is  known  to  have  done  in  southern 
Michipfan  and  northern  Indiana. 

The  most  strikinji^  indication  of  this  is  found  in  the 
position  of  an  immense  mass  of  chalk  which  is  included  in 
the  moraine  about  five  miles  east  of  Malmo.  This  chalk 
mass  extends  three  miles  in  a  northeast  and  southwest 
direction,  averaf^^es  1,000  feet  in  width,  and  from  100  to  200 
feet  in  thickness,  beinj^f,  so  far  as  I  know,  the  largest  boulder, 
or  glacially  transported  n'lass,  that  has  been  described.  It 
is  evervwhere  covered  with  till,  and  almost  evervwhere  has 
till  underneath  it.  Its  regular  position  is  between  what  \vc 
should  call  the  upper  and  the  lower  till,  the  upper  till  being 
yellow  and  the  lower  blue.  But  in  one  place,  which  I  ex- 
amined, the  lower  or  blue  till  was  both  above  and  below  it. 

While  the  chalk  is  together  in  one  mass,  it  everywhere 
shows  signs  (  f  immense  pressure  and  disturbance,  being 
broken  up  into  small  cubes,  and  having  its  flint  nodules 
cracked  and  arranged  in  lines  simulating  stratification.  The 
upper  part  of  the  chalk  has  also  been  extensively  sheared 
off  and  mingled  with  the  till. 

This  mass  of  chalk  has  been  brought  fully  to  light 
through  its  commercial  value,  eight  or  ten  companies  having 
mined  or  quarried  it  for  many  years.  It  belongs  to  the  true 
soft  chalk  of  Cretaceous  age,  and  was  supposed  by  the 
earlier  geoloj^ists  to  indicate  a  Cretaceous  area,  where  it  was 
least  to  be  expected,  since  the  chalk  which  mainly  under- 
lies the  peninsula  belonj^s  to  the  Trias  or  Lias.  The  de- 
terminal  ion  of  its  glacial  lrans])ortati()n  has  therefore  solved 
a  very  difficull  problem.  It  must  have  been  picked  up 
bodilv  from  the  shores  or  heel  of  the  Baltic  sea.  being  trans- 
ferrc-d  wi'stwarcl  many  miles  to  its  present  position. 

Dr.  Moist  is  bringing  to  light  much  new  evidence 
bearing  upon  the  unity  of  the  (ilacial  period,  and  is  more 
than  ever  confirmed  in  his  adhesion  to  the  theorv  that  the 
upi)er  till  and  the  lower  till  are  of  the  same  age. — the  lower 
till  being  that  wliicli  was  clragg  d  along  under  the  ice,  and 
the  uj)per  till  the  material  which  was  incorporated  in  the 
ice,  and  which  so  became  oxidized  in  the  process  of  trans- 
mission and  depositii^n.  In  many  cases  which  he  showed 
me.  this  would  certainly  appear  to  be  the  fact,  as  indicated 
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hv  the  sharp  line  which  separates  the  bhic  from  the  yellqw 
ti'll. 

Hut  the  most  important  discoveries  bearing  upon  this 
])oint  were  found  at  Tapplelargo,  twelve  miles  east  from 
Malmo'.  Here  is  an  area  of  several  acres  covered  with  an 
overwash  deposit  from  the  moraine,  which  is  a  mile  or 
more  to  the  south.  In  a  stratum  of  clav,  about  seven  feet 
thick,  many  species  of  shells  and  plants  are  found,  indicating 
peculiar  conditions  w'hich  can  be  accounted  for  only  by  sup- 
posing that  during  the  final  melting  away  of  the  ice  the 
summers  became  very  warm,  so  as  to  allow  temperate 
species  to  flourish  close  up  to  the  ice-front,  thus  allowing" 
them  to  mingle  with  arctic  or  subarctic  species. 

It  is  evident  from  inspection  of  the  stratum  that  these 
species  lived  and  were  deposited  contemporaneously,  and 
not  by  an  advance  of  the  ice  after  an  interglacial  period. 
This  would  seem  to  meet  the  case  of  comingling  of  tem- 
perate and  subarctic  species  which  Coleman  has  described 
in  the  vfcinity  of  Toronto,  and  so  it  will  greatly  simplify 
our  interpretation  of  glacial  phenomena  in  the  northern 
I'nited  States  and  Canada. 


BOLSON  PLAINS  OF  THE  SOUTHWEST. 

By  W.  tJ.  TiiJHT,  Albuquerque,  N.  M. 

There  seems  to  be  a  very  decided  tendency  on  the  part 
of  students  in  physiographic  geology^  to  enlarge  upon  the 
conceptions  of  topographic  types,  as  they  are  originally 
described,  and  in  the  subsequent  study  of  the  topographic 
features  of  any  particular  section,  to  describe  those  features 
in  terms  of  the  modified  conception  of  the  type  forms. 

As  a  result  there  develops  a  very  confused  idea  in  the 
minds  of  workers  concerning  the  true  type,  and  with  that 
misconception  in  mind  the  correct  interpretation  of  any  par- 
ticular region  becomes  doubtful,  and  the  description  of  that 
region  almost  wholly  unintelligible,  giving  to  the  student 
who  has  access  to  the  literature  alone,  a  radical  misconcep- 
tion of  the  true  topographic  conditions. 

As  an  example  of  my  meaning  the  term  **peneplain"  may 
be  taken.     It  would  be  interesting  to  know  how  many  times 
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an  aggradation  plain  of  some  sort  has  been  mistaken  for  a 
degradation  plain  and  called  a  peneplain.  There  are  un- 
doubtedly many  cases  where  the  two  types  of  plains  look 
nearly  alike  and  only  a  careful  study  would  determine  the 
true  character. 

This  superficial  resemblance,  which  extends  to  various 
types  of  topographic  forms,  is  a  constant  source  of  error. 
The  most  serious  mistakes  are  made  when  two  types  of 
radically  different  origin  and  structure  are  classed  together 
and  made  the  basis  for  broad  generalizations. 

When  an  author  has  described  a  certain  type  of  topo- 
graphic form,  presumably  from  a  careful  study  of  some 
definite  region,  and  has  given  a  name  to  that  type,  it  can 
only  lead  to  much  confusion  and  error  when  the  same  name 
is  used  by  another  to  describe  a  different  form,  or  to  attempt 
to  modify  the  meaning  of  the  term  to  fit  other  conditions. 

It  is  not  intended  at  the  present  writing  to  discuss  the 
uses  and  abuses  of  he  term  "bolson''  as  applied  to  inter- 
montane  valleys  but  rather  to  take  the  term  as  originally 
described*  and  apply  it  to  the  study  of  the  great  valleys  of 
the  southwest  and  especially  to  New  Mexico. 

To  quote  briefly:  "Bolsons  are  generally  floored  with 
loose,  unconsolidated  sediments  derived  from  the  higher 
peripheral  regions.  Along  the  margins  of  these  plains  are 
talus  hills  and  fans  of  boulders,  and  other  wash-deposits 
brought  down  by  mountain  freshets.  The  sediments  of 
some  of  the  bolsons  may  be  of  lacustral  origin.'*  "The 
bolson  plains  on  the  other  hand,"  (as  distinguished  from 
plateau  plains)  *'are  newer  and  later  topographic  features, 
consisting  of  structural  valleys  between  mountains  or 
plateau  plains,  which  have  been  partially  filled  with  debris 
derived  from  the  adjacent  eminences."  "The  bolson  plains 
are  constructional  detritus  plains  filling  old  structure 
troughs." 

It  seems  that  this  description  is  clear  enough.  The 
type  form  is  not  dependent  upon  the  characters  of  the 
bordering  mountains  nor  the  character  or  structure  of  the 
deeper  valley  floor,  nor  is  it  especially  concerned  with  the 
total  thickness  of  the  wash-deposits  over  the  floor  of  the 


«HiLL,    Top.       Atlas.    U.   8.,  folio  3,  p.   8.   1900. 


Bolson  Plains  of  the  Soutbwest'-Tigbt.  273 

older  valley,  except  in  so  far  as  these  deposits  must  con- 
tribute an  important  factor  in  determining  the  character- 
istics of  the  topography.  An  important  element  in  this 
definition  depends  upon  the  interpretation  of  the  word 
"plain."  A  bolson  is  genetically  related  to  other  construc- 
tural  plains,  such  as  flood  plains  and  terrace  plains  of  river 
valleys.  In  the  flood  plain  and  terrace  plain  deposits  the 
plains  are  more  or  less  narrow  and  parallel  with  the  stream, 
which  furnishes  the  major  portion  of  the  deposits.  On  the 
other  hand  in  the  bolson,  while  the  deposits  are  of  fluviatile 
origin  (or  largely  so)  the  plain  loses  the  characters  of  a 
flood  plain  or  terrace  plain  in  that  it  is  generally  much 
broader  and  the  material  "is  derived  from  adjacent  emin- 
ences," and  the  plain  is  of  such  an  extent  that  the  "talus 
hills  and  fan  cones  and  wash-deposits  brought  down  by 
the  mountain  freshets"  form  only  the  bordering  characters 
of  the  plain,  but  point  unmistakably  to  the  origin  of  much 
of  the  deposits  forming  the  floor  of  the  bolson. 

If  we  look  for  a  moment  at  the  forces  involved  in  the 
formation  of  a  bolson  we  see  that  there  must  exist  an  ex- 
tensive trough  in  which  the  contribution  of  material  from 
the  sides  of  the  bordering  mountains  is  much  greater  than 
the  capacity  of  the  pre-existing  drainage  to  remove,  or 
that  in  the  structural  formation  of  the  valley  there  is  formed 
a  closed  basin  and  into  this  the  lateral  materials  are  de- 
posited. In  the  closed  basin  type,  the  basin  may  or  may 
not  be  the  location  of  a  lake.  If  the  older  trough  has  free 
drainage  to  start  with  the  lateral  introduction  of  debris 
mav  be  such  as  to  divide  an  otherwise  continuous  stream 
course  into  a  series  of  lake  basins  or  to  even  totally  obliter- 
ate the  through-flowing  stream  as  a  surface  feature. 

Mr.  Hill  says:  "These  plains  or  'basins'  as  they  are 
sometimes  called  are  largely  structural  in  origin,"  and 
again  he  uses  the  terms  "structural  valleys  between  moun- 
tains and  plateau  plains."  If  it  were  intended  to  confine 
the  term  bolson  to  those  forms  which  occur  in  strictly 
structural  valleys  which  have  not  been  subsequently  modi- 
fied by  erosion,  it  would  have  a  very  limited  use  indeed,  for 
but  few  valleys  of  that  type  are  to  be  found,  and  the  author's 
iUustrations  do  not  indicate  this  limited  use.     But  I  take  it 
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that  the  term  "structural  valley"  or  "structural  trough"  was 
used  in  reference  to  the  large  features  of  the  topography  as 
distinguished  from  simply  valleys  of  erosion  cut  mainly  by 
stream  action.  The  very  essential  feature  of  a  bolson  is 
that  the  plain  is  bordered  by  mountain  forms  or  plateau 
escarpments.  The  mountains  may  be  of  the  fold  or  fault 
type,  but  rising  as  they  do  above  the  general  level  of  the 
plateau  upon  which  they  stand  the  intervening  area  might 
pro})erly  be  considered  a  structural  valley.  In  some  cases 
this  intervening  area  may  be  so  protected  from  .erosion  by 
the  distribution  of  the  mountain  uplifts  that  it  will  be  pre- 
served and  will  present  the  structural  characters  of  the 
original  plateau  plains.  Again  it  may  be  in  the  line  of  the 
great  longitudinal  drainage  lines  of  the  plateau  and  be  large- 
ly removed  by  subse(|uent  erosion.  As  far  as  the  later 
formation  of  a  l:)()lson  is  concerned,  it  would  appear  that 
either  type  might  properly  be  called  a  structural  valley,  and 
with  the  later  (lej)osition  of  the  detritus  forming  the  bolson 
plain,  there  would  be  a  striking  difference  in  the  thickness 
of  the  de;)usils.  those  in  the  eroded  structural  valley  being 
much  thicker. 

It  would  appear  also  that  in  the  formation  of  such  a 
structural  valley  by  the  enclosure  of  a  portion  of  a  plateau 
l)y  the  elevation  of  l^ordering  mountains,  where  the  valley 
is  uoi  su])jecte(i  to  subscMjucnt  erosion  and  the  remaining 
valley  floor  is  fairly  horizontal,  there  would  be  produced  a 
to])ograi)liic  form  which  would  resemble  very  closely  the 
])ols()n  ])ut  which  would  be  as  essentially  different  from  it 
as  an  ai^^i^radation  plain  is  different  from  a  peneplain. 
'llicsc  two  forms  having  similar  superficial  characters  may 
l)r  easily  nii^laken,  tlir  one  for  the  other,  for  with  the  eleva- 
tion cf  tin  bordering  mountains  enclosing  a  structural  valley 
free  Imm  erosion,  there  will  most  certainly  develop  around 
the  margin  of  tlie  remnant  of  tlie  enclosed  plateau  -plain, 
tains  liills  and  fan  cones  and  frontal  wash  aprons  which  will 
rapidly  work  cnit  over  the  lloor  of  the  valley  and  eventually 
corivert  it  intc*  a  bolson  j)iain  while  the  su])erficial  charac- 
teristics may  remain  almost  the  same  during  the  entire  pro- 
cess. 

It  is  apparent  that  when  the  filling  of  the  valley  takes 
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place  over  the  floor  of  the  great  structural  valley,  the  pro- 
duction of  the  bolson  does  not  materially  modify  the  topo- 
graphic features,  but  when  the  great  structural  valley  has 
been  deeply  eroded  and  then  subsequently  filled  the  produc- 
tion of  the  bolson  does  make  a  decided  diflference  in  the 
topographic  relations  of  valley  and  mountains.  We  see 
then,  that  the  bolson  plain  finds  its,  proper  place  in  the 
series  of  constructional  plains  derived  from  fluviatile  actions, 
and  the  lowest  member  of  the  series  is  represented  by  the 
flood  plain  of  the  river,  in  which  the  material  is  almost 
wholly  derived  from  the  longitudinal  action  of  the  stream; 
w^hile  the  bolson  plains  are  at  the  opposite  end  of  the  series, 
in  which  the  longitudinal  stream  may  contribute  largely  in 
some  stages  of  the  building  of  the  plain  but  that  the  pre- 
dominant factor  is  the  derivation  of  material  from  the  bor- 
dering bights  by  torrential  action  of  temporary  streams  and 
rivulets  which  are  produced  largely  by  rainfall. 

This  in  general  is  the  writer's  understanding  of  the  use 
of  the  term  bolson,  as  a])])lied  to  many  of  the  great  inter- 
montan^  plains  of  the  southwestern  plateau  and  great  basin 
region.  Whether  the  writer  is  correct  or  not  in  his  inter- 
pretation of  the  use  of  this  term,  it  is  certain  that  under  any 
definition  of  the  term  there  is  found  in  this  region  a  large 
number  of  valley  plains  having  very  diverse  characters  and 
very  diverse  origins.  The  writer  cannot  therefore  agree 
with  Dr.  Chas.  R.  Keyes  of  Socorro,  in  his  discussion  of 
the  bolson  plains  of  NewMexicom  the  American  Geologist 
for  September,  1904.  Dr.  Keyes  has  grouped  under  this 
term  such  plains  as  the  Jornada  del  Muerto,  San  Augustine, 
Estancia,  Mimbers  and  the  great  plains  along  the  Rio 
Grande,  Rio  Pecos  and  Canadian  rivers.  He  has  seemed 
to  correlate  these  plains,  with  others,  with  the  great  Llano 
Estacada  of  Texas  and  other  great  plains  to  the  southwest. 
If  Dr.  Keyes'  correlations  are  correct,  it  does  not  seem  to 
the  writer  that  these  great  intermontane  plains  of  the  New 
Mexico  region  can  be  by  any  definition  classed  as  bolson 
plains  and  many  of  them  certainly  conform  to  that  defini- 
tion. In  view  of  this  difference  of  opinion  it  seems  advisa- 
ble to  call  attention  to  some  of  the  features  of  some  of  these 
various  plains   in   detail.     It   is   well   understood   that  the 
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great  stake  plains  of  Texas  are  made  up  largely  of  Creta- 
ceous sediments  which  have  a  more  or  less  regular  dip  from 
the  frontal  ranges  of  the  Rocky  mountains  to  the  g^lf  of 
Mexico.  Toward  the  New  Mexico  border  of  this  plain  the 
strata  have  stronger  dip  and  erosion  has  exposed  the  edgfes 
of  the  strata  along  the  Rocky  mountain  front.  The  Creta- 
ceous terranes  are  covered  with  a  mantle  of  Tertiary  gravels 
derived  from  the  mountain  front. 

Dr.  Keyes  says :  "The  Las  Vegas  plateau,  Llano  Esta- 
cada,  the  bolson  plains  of  New  Mexico,  and  some  of  the 
broken  plains  of  eastern  Arizona  seem  to  belong  genetically 
together;"  and  he  further  says:  "When  the  general  bow- 
ing up  of  the  region  took  place  in  Tertiary  times,  the  great 
plain  formed  was  partly  a  pleneplain  of  destructional  land 
origin  and  partly  a  constructional  plain  of  marine  origin." 
From  this  it  would  appear  that  the  bolson  plains  of  New 
Mexico,  as  he  describes  them,  are  remnants  of  this  old 
peneplain,  and  that  the  mountain  blocks  of  the  plateau  of 
New  Mexico  were  formed  subsequent  to  the  peneplanation 
of  the  Cretaceous  and  lateral  beds.  It  is  not  possible  at  the 
present  writing  to  present  the  data  to  show  that  the  struc- 
ture of  the  mountains  of  New  Mexico  will  not  sustain  this 
position.  It  is  the  writer*s  desire  in  this  discussion,  to  con- 
fine attention  wholly  to  the  valley  forms. 

Dr.  Keyes  says :  "That  the  old  bolson  plain  in  the  Rio 
Grande  valley  is  at  present  about  1,500  feet  above  the 
river"  and  he  refers  to  the  Colorado  river  as  being  "a  mile 
deep  in  its  canyon"  below  the  surface  of  the  great  plain 
which  he  has  constructed  in  his  hypothesis. 

During  a  residence  of  four  years  in  the  Rio  Grande 
valley,  accompanied  with  considerable  field  work,  it  has  not 
been  my  pleasure  to  see  a  single  remnant  of  the  old  plain 
to  which  reference  is  made.  The  valley  of  the  Rio  Grande 
through  New  Mexico  has  an  extremely  complex  and  varied 
form,  and  history.  I  desire  at  the  present  writing  to  call 
attention  to  only  a  few  points  in  its  history  bearing  upon 
the  particular  discussion  in  hand,  and  what  is  said  with 
reference  to  the  valley  includes  only  that  section  which  lies 
within  the  territory  of  New  Mexico.  The  river  is  at  several 
points,  notably  at  White  Rock  canyon,  at  Elephant  buttes. 
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and  at  El  Paso,  cutting  through  a  rock  gorge  upon  a  rock 
floor,  but  throughout  most  of  its  course  it  is  meandering 
over  a  broad  flood  plain  in  a  still  broader  shallow  trough, 
the  latter  cut  some  200  or  300  feet  below  the  surface  of 
the  broad  sheet  of  plain  deposits  locally  known  as  mesas. 
The  larger  structural  valley  which  is  followed  by  the  Rio 
Grande  is  undoubtedly  of  very  complex  origin  and  no  gen- 
eral description  would  be  adequate  for  any  particular  sec- 
tion of  the  river.  From  the  limited  amount  of  data  in  hand 
it  would  appear  that  in  some  sections  the  river  is  following 
the  line  of  a  great  fault  zone  and  in  other  sections  it  is 
apparently  following  along  the  axis  of  an  immense  anticline, 
which  has  been  very  deeply  and  broadly  eroded.  The  great 
structural  valley  presents  an  average  width  of  fifteen  to 
twenty  miles,  measured  across  the  surface  of  the  great  mesa 
plain. 

If  we  examine  into  the  structure  of  the  mesas  border- 
ing the  river,  as  presented  by  well  sections  and  deeply  cut 
arroyos,  we  find  that  it  is  made  up  wholly  of  sands,  gravels, 
and  clays  of  fluviatile  origin.  The  materials  composing  the 
mesas  have  been  largely  derived  from  the  lateral  mountains. 
The  depth  of  this  mesa  deposit  in  the  old  structural  valley 
is  not  definitely  known.  A  well  over  seven  hundred  feet 
deep  at  Albuquerque  did  not  reveal  the  rock  and  as  the  top 
of  this  well  is  about  250  feet  below  the-  surface  of  the  mesa 
plain  and  near  the  central  portion  of  the  great  valley,  we 
can  see  that  the  great  structural  trough  has  been  filled  by 
the  mesa  deposits  to  the  depth  of  probably  much  more  than 
a  thousand  feet.  It  is  evident  from  many  topographic 
features  that  the  river  once  meandered  over  the  upper  sur- 
face of  this  mesa  plain  at  least  250  feet  above  its  present 
level.  At  about  that  time  in  the  history  of  New  Mexico 
there  occurred  a  more  or  less  general  extrusion  of  basaltic 
lavas  over  manv  areas.  At  least  two  of  these  lava  overflows 
reached  down  into  the  valley  of  the  Rio  Grande  and  attained 
such  magnitude  as  to  produce  profound  changes  in  the 
course  of  the  river.  The  first  of  these  which  I  will  mention 
is  the  great  lava  flow  in  northern  New  Mexico  which  dam- 
med the  course  of  the  Rio  Grande  above  the  White  Rock 
canyon,  and  the  second,  the  great  lava  flow  south  of- San 
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Marcial,  which  deflected  the  course  of  the  Rio  Grande  far 
to  the  west  of  its  old  valley  through  the  Elephant  Butte 
canyon  and  west  of  the  Sierra  de  los  Caballos,  reaching  its 
old  course  again  just  a  little  north  of  Las  Cruces;  The 
Jornada  del  Muerto  lying  between  the  San  Andreas  and  the 
Sierra  de  los  Caballos  is  undoubtedly  the  old  valley  of  the 
Rio  Grande,  from  which  the  river  was  diverted  at  the  time 
of  maximum  aggradation  and  at  the  time  of  the  great  San 
Marcial  lava  flow.  There  is  every  reason  to  believe,  from  a 
careful  study  of  the  history  of  the  Rio  Grande  that  a  cross 
section  at  the  Jornada  del  Muerto  is  comparable  in  its 
history  to  a  cross  section  of  the  river  at  Albuquerque,  where 
the  mesa  de])osits  are  known  to  be  at  least  a  thousand  feet 
in  depth.  It  is  therefore  evident  that  the  plain  of  Jornada 
is  in  no  way  genetically  related  to  the  Llano  Estacado,  ex- 
cept in  so  far  as  concerns  the  Tertiary  deposits  of  the  latter. 
That  the  j^reat  mesas  bordering  the  Rio  Grande  are  wholly 
(»f  fluviatile  origin  is  further  shown  from  the  topographic 
characteristics  in  the  vicinitv  of  El  Paso  where  the  river 
runs  through  a  narrow  rock  channel  between  the  Franklin 
mountains  and  the  range  to  the  southwest. 

Some  few  miles  above  El  Paso,  and  on  the  west  of  the 
Franklin  mountains  are  preserved  other  extensive  remnants 
of  the  old  gravel  and  talus  plains  which  extend  out  from 
the  canyons  of  the  Franklin  mountains  at  a  level  of  300  or 
400  feet  above  the  Rio  (irande.  Several  miles  to  the  west 
across  the  immediate  channel  of  the  Rio  Grande  are  seen 
the  op])osite  exposures  of  the  same  beds.  Whether  it  was 
by  the  blocking  of  the  old  channel  with  another  lava  flow 
farther  to  the  west  or  by  the  normal  process  of  excessive 
aiigradallon.  that  tJic  Rio  Grande  was  forced  through  the 
narrow  mountain  pass  at  El  Paso  is  yet  undetermined,  but 
that  it  is  supcrpf)se(l  in  its  i)resent  position  upon  an  ancient 
col  at  E!  Paso  is  certain. 

The  second  instance  to  which  attention  is  directed  is 
the  great  basin  in  New  Mexico  lying  between  the  San  An- 
dreas and  the  Sacramento  mountains,  known  as  the  White 
sands  plain  or  the  flueco  bolson."^  This  certainly  is  a  typical 
bi^lson  as  the  writer  un<lerstands  the  use  of  the  term.    These 
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great  plains  arc  some  sixty  or  seventy  miles  long  and  twen- 
ty to  thirty  miles  wide  with  the  Sacramento  mountains  on 
the  east  rising  to  an  average  level  of  6,000  or  7,000  feet 
above  the  plains  and  the  San  Andreas  and  Organs  on  the 
west  and  the  Sierra  Oscuras  on  the  north  rising  to  a  some- 
what less  elevation.  The  plains  are  very  level  or  slightly 
depressed  through  the  central  axis  and  show  a  decided 
grade  toward  the  south.  In  the  upper  part  of  this  great 
plains  valley  are  the  white  sands  and  the  salt  marshes  of  the 
ancient  lake  Otero  basin  recently  described  by  Prof.  C.  L. 
Herrick,  late  of  Socorro,  New  Mexico,  in  the  September 
number  of  the  Geologist  1904.  At  the  northern  end  of  the 
plains  lies  one  of  the  most  extensive  lava  flows  in  New 
Mexico,  surpassed  only  probably  by  the  great  northern  lava 
flow  in  Ria  Arriba  and  Taos  counties,  and  in  western 
Valencia  county.  That  the  deposits  forming  the  floor  of 
this  great  basin  are  very  deep  and  composed  almost  entirely 
of  fluviatile  material  has  been  demonstrated  by  numerous 
wells  which  have  been  sunk  through  various  portions  of  the 
plain  ranging  in  depth  from  a  few  feet  to  a  well  in  the 
southern  portion  of  the  plain  over  2,000  feet  deep,  which 
did  not  even  at  that  extreme  depth  reveal  the  rock. 

North  of  the  great  lava  flow  lies  the  Chapedero  mesa 
and  still  farther  north  of  that  are  the  Estancia  plains  (San- 
doval bolson  of  Hill).  While  it  cannot  be  definitely  assert- 
ed with  the  data  in  hand,  there  are  many  facts  which. would 
seem  to  indicate  that  the  Estancia  plains  and  the  white 
sands  plains  represent  a  g  reat  north  and  south  structural 
valley,  more  or  less  parallel  to  the  Rio  Grande  valley,  from 
which  the  ancient  river  which  occupied  it,  was  either 
diverted  by  the  extensive  lava  flows  or  by  the  normal  pro- 
cesses of  aggradation,  or,  what  also  seems  very  probable, 
that  the  sediments  of  the  great  bolson  plains  in  these  great 
structural  vallev  sections  have  reached  such  enormous 
thickness  that  the  waters  of  the  through  flowing  drainage 
are  at  present  entirely  subterranean.  There  are  many  facts 
in  hand  to  prove  that  there  is  a  subterranean  drainage  which 
passes  out  of  the  southern  end  of  this  great  axial  trough. 

In  referring  to  the  region  of  the  Rio  Pecos,  Dr.  Keyes 
says:     "Of  these   the  last   two  streams   mentioned"    (Rio 
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Pecos  and  Rio  Grande)  "flow  in  the  broad  valleys  between 
lines  of  block  mountains,"     And  in*  another  place  refers  to 
the  long  basin  plains  of  the  Pecos  and  states  that  the  Pecos 
has  cut  down  to  a  depth  of  2,500  feet  below  the  level  of  the 
old  plain.     It  would  seem  that  Dr.  Keyes  has  failed  to  rec- 
ognize the  fact  that  the  Rio  Pecos  derives  most  of  its  ^ater 
supply  from  the  eastern  side  of  the  ranges  of  the  Rocky 
mountains ;  that  the  drainage  of  the  river  corresponds  very 
•closely  with  the  strike  of  the  Cretaceous  beds,  the  Pecos 
itself  being  a  very  asymmetric  river,  having  all  of  its  tribu- 
taries of  any  consequence  on  its  western  side.     And  when 
it  is  borne  in  mind  that  the  river  is  flowing  in  its  southern 
course  through  southeastern  New  Mexico  along  the  out- 
crop of  a  great  bed  of  gypsum  and  that  the  Cretaceous  ter- 
ranes  of  the  Llano  Estacado  are  dipping  to  the  eastward  it 
will  be  seen  that  in  the  development  of  the  Pecos  valley  the 
axial  stream  has  been  migrating  slowly  eastward  down  the 
dip  of  the  strata  against  the  edge  of  a  hard  stratum.     On 
the  westetrn  side  of  the  Pecos  the  surface  of  the  region  con- 
forms very  closely  with  a  very  hard  limestone  element  of 
the  Cretaceous  series  which  rises  rapidly  toward  the  west 
nearly  to  the  crests  of  the  bordering  mountains,  while  on 
the  eastern  side  of  the  river  there  is  a  sharp  escarpment  of  a. 
few  hundred  feet  from  the  upper  edge  of  which  extends  the 
great  plain  of  the  Llano  Estacado,  which  slopes  gradually 
to  the  southeast,  the  surface  of  which  is  strewn  with  the 
Tertiary  gravels.     The  Rio  Pecos,  therefore  has  no  moun- 
tains bordering  the  eastern  side  of  its  valley  and  there  are 
no  extensive  detrital  plains  in  any  way  comparable  to  those 
of  the  Rio  Grande  along  the  course  of  the  Pecos  outside  of 
the  mountain  valleys  at  its  head  waters,  except  the  great 
frontal  apron  of  Tertiary  mountain  wash  just  referred  to. 
If  we  are  to  assume  that  two  thousand  feet  of  sedi- 
ments have  been  removed  from  the  Llano  Estacado  then  it 
might  he  proper  to  say  that  the  Pecos  is  flowing  2,500  feet 
below  the  aggradation  surface  of  the  Cretaceous  terranes; 
•otherwise  we  must  consider  that  the  major  portion  of  the 
valley  of  the  Pecos  is  scarcely  more  than  a  good  sized  drain- 
age ditch  along  the  line  of  strike  of  the  hard  beds  of  the 
Cretaceous   formation   which    underlies   the   Staked   Plains 
region. 


Bolson  Plains  oi  the  Southwest. — Tight.  281 

Concerning  the  bolsons  of  the  Rio  Mimbres  or  Ante- 
lope plains  I  have  little  data  at  hand  except  that  it  is  well 
known  that  underneath  the  Antelope  plains  there  is  a  large 
supply  of  subterranean  water  contained  in  deeply  buried 
river  gravels.  It  has  never  been  my  pleasure  to  visit  the 
San  Augustine  plains,  therefore  I  cannot  speak  authorita- 
tively concerning  this  extensive  bolson. 

With  this  brief  statement  concerning  some  of  the  physi- 
ographic and  structural  features  of  New  Mexico  it  seems 
to  the  writer  that  Dr.  Keyes  is  not  justified  in  classifying  as 
a  common  physiographic  type  the  great  plains  of  the  Llano 
Estacado  to  the  eastward  of  New  Mexico  and  the  typical 
bolsons  which  occur  within  its  borders.  In  the  judgment 
of  the  writer  it  would  not  even  be  possible  to  place  the 
border  plains  of  the  Rio  Grande  and  of  the  Rio  Pecos  in  the 
class  of  bolsons,  and  certainly  such  plains  as  the  Hueco, 
Minihres,  the  Estancia  and  the  Jornado  can  bear  no  relation 
whatever  to  the  great  plateau  plain  through  which  the 
Colorado  river  has  cut  its  grand  canyon. 

From  the  data  in  hand  it  appears  to  the  writer  that  in 
New  Mexico  and  much  of  the  great  basins  region  where  the 
bolson  plains  form  an  important  physiographic  type,  there 
is  a  common  history  of  origin.  The  whole  region  has  been 
ai  some  time  at  a  very  much  higher  level  than  at  present 
and  subjected  to  such  erosion  that  the  great  structural  val- 
Ic;  s  of  the  entire  region  were  worn  out  several  thousand 
feet  in  depth.  Every  feature  of  origin  seems  to  point  with 
unmistakable  finger  to  a  time  of  such  erosion,  under  atmos- 
pheric conditions  of  heavy  participation,  with  a  much  higher 
elevation  of  the  plateau  than  at  the  present  time.  There 
certainly  was  a  time  when  the  carrying  capacity  of  the  axial 
streams  of  all  the  vallevs  was  much  in  excess  of  the  loads 
of  material  furnished  to  them  by  their  lateral  tributaries  and 
by  torrential  action  of  the  characteristic  method  of  precipi- 
tation of  the  semi-arid  region,  resulting  in  the  supply  of  en- 
ormous quantities  of  material  from  the  steep  mountain 
slopes  into  the  valleys  in  such  quantities  that  the  larger 
streams  were  vastly  overtaxed  and  the  period  of  aggradation 
was  inaugurated.  This  period  continued  until  the  deposit 
in  these  ancient  vallevs  accumulated  to  thousands  of  feet 
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in  thickness.  In  many  cases  the  valleys  were  so  completely 
filled  that  the  detrital  plains  of  the  neighboring  valleys  were 
united,  giving  the  appearance  of  extensive  plains  with  iso- 
lated islands  or  bordering  ridges. 

Where  the  flow  of  water  in  the  larger  drainage  axis 
like  the  F^io  (Irande  was  sufficient,  the  river  contributed 
largely  in  the  process  of  aggradation  and  plains  building. 

At  or  near  the  time  of  maximum  aggradation,  in  the 
New  Mexico  region,  at  least,  occurred  the  period  of  great 
basaltic  lava  flows.  These  were  so  distributed  that  in  some 
cases,  the  lava  flowed  on  to  the  bolson  plains  of  the  great 
isolated  valleys  or  into  the  great  plains  bordering  the  Rio 
(irande  and  other  streams  diverting  their  courses.  This 
great  ])eri()d  of  subsidence  and  aggradation  i«  most  striking- 
ly shown  in  portions  of  southern  Arizona,  where  Dr.  \V.  T. 
Lee  of  the  Geological  Survey,  has  told  me  that  the  fluviatile 
dep(^sits  following  the  great  eroded  channel  ways  of  the  Col- 
orado and  other  streams  extend  to  several  himdred  feet  be- 
low sea  level  as  is  abundantlv  attested  bv  well  data. 

While  it  does  not  seem  at  all  necessary  to  postulate  the 
great  deformations  c^f  the  land  to  account  for  transitions 
from  conditions  of  degradation  to  those  of  aggradaation,  as 
in  many  cases  variations  of  climatic  conditions  including 
precipitation  and  so  on.  may  be  sufficient  causes,  yet  where 
it  is  known  that  the  i)lain  of  degradation  extends  below  the 
plain  of  the  ])resent  marine  base  level,  a  difference  in  alti- 
tude must  be  assumed.  Dr.  D.  W'.  Johnson  in  an  extensive 
article  on  the  High  Plains  and  Their  I'tilization,  published 
in  the  Jisi  annual  re])ort  of  the  United  States  Geological 
Survey,  llydrotrrapliic  Division,  has  described  with  much 
detail  the  meihod  of  the  formation  of  the  frontal  aprons  bor- 
dering the  mountain  areas  in  the  semi  arid  regions  with 
s])ecial  reference  to  the  great  sheet  of  Tertiary  gravels 
which  are  s])rea(l  out  over  the  high  ])lains  region,  including 
the  Llano  I^stacado.  He  presents  a  diagramatic  section  on 
page  jii)  of  that  re])ort  showing  the  relation  of  Tertiary 
gravels  to  the  underlying  Cretaceous  over  the  Stake  Plains 
plateau,  and  he  rightfully,  I  believe,  attributes  their  origin 
to  the  frontal  ranges  of  the  Rockies.  His  description  of  the 
method  of  formation  and  structure  of  the   great  Tertiary 
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plains  is  in  accordance  with  the  writer's  views  upon  the 
same  subject,  and  present  the  conditions  which  prevail 
throughout  the  western  plateau  and  great  basins  region 
during  a  portion  of  Tertiary  time. 

That  there  is  certainly  a  great  similarity  in  the  method 
of  formation  of  the  Tertiary  deposits  over  the  Llano  Esta- 
cado  and  great  bolsons  of  Xew  Mexico,  and  the  basin  region 
there  is  no  question.  The  same  attitude  of  the  land  under 
uniform  climatic  conditions  produced  throughout  the  entire 
south  west  etrn  country  more  or  less  uniform  phenomena  of 
erosion  and  aggradation  on  the  pre-existing  land  forms,  but 
that  the  term  bolson  is  to  be  applied  to  any  and  all  portions 
of  these  deposits  wherever  found  is  to  be  much  questioned. 
The  same  conditions  which  spread  out  a  great  sheet  of 
gravels  over  the  surface  of  the  Cretaceous  on  the  Llano  Es- 
tacado  ])roduced  an  extensive  filling  in  all  the  great  moun- 
tain-bordered basins  and  erosion  valleys  of  the  plateau  re- 
gion. 

Xor  can  we  class  as  bolsons  such  plains  of  recent  origin 
as  occur  along  the  Rio  Grande,  which  have  been  described 
by  Dr.  Herrick,  in  the  Geologist,  vol.  33,  June  1904,  as 
clino  -plains. 

If  we  are  to  consider  the  section  of  the  Rio  Grande  be- 
tween I>ernalillo  and  Socorro,  the  Jornado  del  Muerto,  and 
the  Mesilla  valley  as  typical  bolsons  as  described  by  Mr. 
Hill,  and  are  also  to  consider  the  Roswell  basin  of  the  Pecos 
as  a  typical  bolson,  it  seems  certain  that  the  Roswell  bolson, 
so  classified,  must  be  of  a  much  more  recent  origin  than 
those  of  the  Rio  (irande,  for  the  Rio  Grande  deposits  seem 
to  be  correlated  in  time  with  the  great  Tertiary  deposits 
over  the  surface  of  the  Llano  Estacado,  while  the  deposits 
occupying  the  Roswell  basin  have  been  made  since  the 
erosion  of  that  basin  out  of  the  Tertiarv  and  Cretaceous 
formations  of  the  Llano  Estacado.  Again  if  we  are  to  con- 
fine our  definition  of  the  term  bolson  to  plains  formed  with- 
in the  structural  valleys  (using  this  latter  term  in  a  very 
broad  sense  )then  we  must  exclude  the  Roswell  valley  from 
the  class  of  bolsons.  for  the  writer  is  satisfied  that  the  sec- 
tion of  the  Pecos  included  within  the  borders  of  Xew  Mex- 
ico is  wholly  an  erosion  form. 
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In  no  sense  then  can  the  extensive  bolsons  of  New 
Mexico  be  grouped  into  a  common  class  and  referred  to  as 
remnants  of  the  early  Cretaceous  peneplain  preserved 
'^merely  by  lack  of  erosion  agencies."  We  must  then  take 
sharp  issue  with  Dr.  Keyes,  when  he  says  of  the  bolsons 
of  New  Mexico:  "Bolson  plains  may  be  considered  as  sec- 
tions of  an  upraised  peneplain  surface  in  its  earliest  infancy, 
in  the  stage  when  they  are  as  yet  untouched  by  stream 
action." 

As  a  bolson  plain  is  a  constructional  form  and  is  not 
confined  necessarily  to  any  period  of  time  it  must  be  recog- 
nized that  the  bolson  plain  passes  through  a  history  of  con- 
struction and  destruction  similar  to  that  of  any  other  con- 
structional topographic  form,  and  the  various  stgaes  of  its 
formation  and  destruction  should  be  carefully  noted.  After 
the  formation  of  the  bolson  plain  the  region  may  become 
subjected  to  intense  erosion,  which  would  eventually  leave 
but  remnants  of  the  old  plain,  while  a  neighboring  plain  not 
subjected  to  such  treatment  might  persist  or  even  continue 
to  develop  Jts  characteristics  as  a  distinct  physiographic 
type. 

It  seems  to  the  writer  that  the  bolson  plain  will  find  its 
proper  place  and  recognition  in  the  literature  of  topographic 
forms. 
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GLACIAL     LAKES     AND     MARINE     SUBMERGENCE     IN     THE 

HUD80N-CHAMPLAIN  VALLEY. 
By  Wabrkn  Uphax,  St.  Paul    Minn 

Very  important  studies  of  the  Quaternary  history  of 
the  Hudson-Champlain  valley  have  been  recently  published 
by  Charles  E.  Pcet  and  J.  B.  Woodworth,  who  have  worked 
mainly,  both  in  the  field  and  in  the  study,  without  collabora- 
tion together,  yet  reaching  closely  similar  conclusions.* 

The  work  of  Mr.  Peet  is  a  continuation  from  his  service 
since  1893  o"  ^he  Geological  Survey  of  New  Jersey,  for 
which  he  mapped  the  Pleistocene  deposits  of  the  Palisade 
Ridge,  bordering  the  Hudson  river.  His  plans  for  extend- 
ing this  investigation  along  all  the  valley  north  to  lake 
Champlain  and  the  St.  Lawrence  were  made  under  the 
direction  of  Prof.  R.  D.  Salisbury,  and  the  field  work  and 
presentation  of  results  have  been  directed  by  Prof.  T.  C. 
Chambcrlin ;  but  the  author  claims  the  full  responsibility 
for  the  opinions  expressed.  He  had  reached  the  main  re- 
sults some  four  years  ago,  and  later  gave  attention  chiefly 
to  the  crustal  movement  and  the  origin  of  the  water  body 
in  the  Hudson  valley,  whether  lacustrine  or  marine. 

Professor  Woodworth  gives  in  his  two  very  elaborate 
publications  the  results  of  his  surveys  for  the  New  York 
State  Museum  during  the  years  1900  to  1903,  with  the  aid 
of  field  notes  and  advice  by  G.  K.  Gilbert  from  several 
seasons  of  his  work  in  the  St.  Lawrence  valley,  where  he 
had  examined  the  country  from  lake  Ontario  around  the 
northern  slopes  of  the  Adirondacks  and  southward  on  the 
west  side  of  lake  Champlain  to  West  Chazy.  That  explor- 
ation led  to  the  selection  of  the  Mooers  quadrangle  for  de- 
tailed mapping  of  its  glacial  drift  and  lacustrine  and  marine 
formations. 

*  Glacial  and  Postglacial  History  of  the  Hudson  and  Champlain 
Valleys,  by  Charles  Emerson  Pest;  reprinted  (1904),  with  slight  revision, 
from  the  Journal  of  Geology,  vol.  xii.  pp.  415-469,  617-661,  July-August  and 
October-November,  1904;  with  27  flRures  In  the  text  (maps,  sections,  pro- 
flies,    and    views   from   photon^aphs). 

Pleistocene  Geology  of  Mooers  Quadrangle,  being  a  portion  of 
Clinton  County,  including  parts  of  the  towns  of  Mooers,  Champlain,  Al- 
tona,  Chazy,  Dannemora,  and  Beekmantown,  N.  T.,  by  Jat  Backus 
WooDwoRiH  (Hulletin  83.  Now  York  State  Museum).  June,  1906;  pages 
60,  with  25  plates  (maps,  and  views  from  photographs),  and  a  folded 
map  of  the  Glacial   geology  of  Mooers  Quadrangle. 

Ancient  Water  I>»vels  of  the  Champlain  and  Hudson  Valleys,  by 
J»T  BACKrs  » ooliMfoRTH  (Bulletin  84,  New  York  State  Museum),  July. 
1906;  pages  66-265.  with  28  plates  (maps,  profiles,  and  views),  24  figures  in 
the  text,  and  the  Glacial  map  of  the  Mooers  Quadrangle  (the  same  as 
In   the  preceding  bulletin). 
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In  deference  to  McGee,  Salisbury,  and  others,  who  re- 
gard the  Lafayette  and  Columbia  formations  of  the  Atlantic 
coastal  plain  in  southern  New  Jersey,  and  thence  south  to 
the  (nilf  of  Mexico,  as  of  marine  .deposition,  Peet  states  very 
fully  the  arguments  that  would  refer  the  Late  Glacial  water 
body  in  the  Hudson  valley  to  incursion  of  the  sea.  This 
would  seem  indeed  to  be  the  first  and  most  obvious  pre- 
sumption, in  view  of  the  fossiliferous  marine  beds  in  the 
Champlain  and  St.  Lawrence  valleys  at  altitudes  ranging 
to  a  maximum  of  560  feet  on  Mt.  Royal,  at  Montreal,  while 
the  divide  between  lake  Champlain  and  the  Hudson  river, 
near  Fort  Ldward,  is  only  147  feet  above  the  sea  level. 

iUit  no  marine  fossils  are  found  in  the  abundant  strati- 
fied gravel,  s!in(l,  and  clay  deposits  of  the  Hudson  valley, 
which  indicates,  with  the  evidences  of  Quaternary  uplift  of 
the  southern  i)art  of  this  valley  and  of  the  Long  Island  re- 
gion and  the  southern  Atlantic  coast,  that  a  land  barrier  on 
the  south  held  a  glacial  lake  in  the  Hudson  and  Champlain 
valleys,  outflowing  along  the  now  submarine  continuation 
of  the  course  of  the  Hucls(.)n  outside  the  Narrows.  This  ex- 
planation of  the  siibmeriL^ed  shall(^w  valley  and  of  the  modi- 
fied drift  and  later  stratified  beds  along  the  Hudson  river, 
belonuinj'-  to  the  time  of  recession  of  the  continental  ice- 
sheet.  1  ha\e  presented  in  various  publications  during  the 
]>ast  fourteen  years,  having  in  i8gj  given  the  name  Hudson- 
(lianiplain  to  thi^  glacial  lake." 

In  otlu-r  papers  1  ha\  j  argued  against  the  supposed 
niarin.;  on'oin  of  tlu'  Lafayette  and  Cohnnbia  series,  attrib- 
uting ilu'in  in^t.ad  to  river  de])()sition  on  land  areas,  fn^m 
(■•rosion  cf  llu'  .\p])alacliian  mountain  l)ell  at  times  when 
that  n-L'.itni  has  undergone  e])eirogenic  u])l'fts.* 

Alilion^li  a  marine  or  estuarine  (^rigin  of  tin*  Hudson 
\alley  (lejxisits  i.s  argued  by  T*eel  as  fully  as  seems  possible, 
he  also  jviN-es  full  consideration  to  the  evidences  for  the 
fre>li\\ater  (lei)osition  of  these  beds,  evidentlv  deeminsf.this 
the  more  ])rol)al)le  \ie\\,  ><)  that  he  lca\es  th's  (piestion  6pcn 
an<l  undecided. 


*  <I<'nl.    .<()t.-.    of    Ain«Tic;i.     F'.iilh't  in.    v«!.    .ii.    pp.    4Ni-ls7. 

*  Am.  J. mi-.  S<'i..  thiiM  ,s»ii'S.  v<.l.  xli,  pp.  :!;;-o2,  Jan..  1891.  Am. 
X.ituiali.^t.  V..1.  xxviii.  pp  :'7:i-:'^s,  \)(  c.  is'.tl.  I'l'iu*..  A.  A.  A.  S..  vol. 
xliii.  IVM.  (Niiiiiitc  K»im1u  (In  (.Kn^res  (;<'M»l<.p:ii!n»'  International.  Zurich. 
1S94,    pp    2:'A-r)l.     Am      Ok<»lo..i-i     vd.    x'xv.    pp.    ?,i:i-314.    May,    1900. 
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Woodworth  takes  more  definite  ground  in  support  of 
the  explanation  of  the  Hudson  beds  as  sediments  of  a  glacial 
lake,  to  which  he  gives  the  name  Lake  Albany;  and  the 
glacial  lake  of  the  Chaniplain  valley,  which  he  thinks  to  have 
been  later  and  distinct,  he  names  Lake  Vermont.  To  the 
present  writer,  however,  it  seems  quite  certain  that  the 
glacially  dammed  water  bodies  of  these  tw9  parts  of  the 
Hudson-Champlain  valley  were  continuous  at  the  same 
levels,  changed  with  the  gradual  northward  uplift  of  the 
valley,  forming  deltas  and  shore  lines  which  are  interrupted 
by  conditions  of  topography  and  sedimentation,  but  which 
l)y  exact  surveys  with  levelling  will  be  traced  continuously 
from  the  Hudson  vallev  northward  around  the  marine  area 
of  the  Champlain,,  St.  Lawrence,  and  Ottawa  basins,  lying 
at  higher  altitudes  than  the  marine  shores  and  fossiliferous 
beds. 

By  my  examination,  in  1901,  of  the  lowest  part  of  the 
water  divide  between  the  Hudson  and  the  Champlain,  pub- 
lished in  the  American  Gkologist  for  October,  1903,  I 
could  find  no  evidences  of  outflow  there  from  the  glacially 
ponded  waters  of  the.  Champlain  basin.  That  divide  or  low- 
est place  of  the  watershed,  near  Fort  Edward,  seems  to  me 
to  have  been  covered  by  the  Hudson-Champlain  glacial  lake, 
and  by  the  later  glacial  Lake  St.  Lawrence,  until  the  con- 
tinued departure  of  the  ice-sheet  far  north  allowed  the  sea 
to  come  into  the  St.  Lawrence  and  Cham])lain  valleys,  then 
filling  the  southern  part  of  the  latter  nearly  to  the  liight  of 
this  col  of  its  watershed. 

The  nai!U\s  Lake  All)any  and  Lake  X'ermont.  a])plic(I  by 
\\'(^odworth,  seem  to  be  synonyms  of  my  previous  nomen- 
clature as  lakes  Hudson-Champlain  and  St.  Lawrence,  pub- 
lished in  my  l^.  S.  (ieological  Survey  monograph  of  Lake 
Aga^siz  and  in  other  pa])ers,*  which,  however,  are  not  in- 
cluded in  the  extended  bibliography  given  by  Woodworth 
for  this  subject,  although  he  cites  a  large  number  of  my 


*  Geol.  Soc.  of  Ann-ricii..  vol.  iii.  pp.  484-7.  1S92.  Am.  Jour.  Scl.,  third 
series,  vol.  xllx,  pp.  1-18,  with  map,  Jan.,  1895.  Minnesota  Geol.  and 
Nat.  Hist.  Survey.  Twenty-third  Annual  Report,  for  1S94  (pub.  Feb.. 
1S%>.  pp.  156-i:i3.  witli  map.  r.  S.  Geol.  Survey.  Monopraph  xxv.  The 
Glacial  Lake  ARRaswoz.  ^>^!♦^>.  pp.  254,  262-264.  Am.  Geologist,  vol.  xxxll, 
pp.  223—230.  Oct.,  1H«>3.  International  Quarterly,  vol.  xi,  pp.  248-266.  July. 
1906. 
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earlier  glacial  papers.  Several  very  noteworthy  papers  by 
others,  also,  as  Elias  Lewis,  Jr.,t  and  Prof.  J.  S.  Newberry,* 
relating  to  Long  Island  and  the  Hudson  valley,  are  similarly 
overlooked  in  his  bibliography. 

From  consideration  of  the  amount  and  probable  rate 
of  the  rise  of  the  Champlain  and  St.  Lawrence  region  from 
the  Late  Glacial  and  Postglacial  marine  submergence, 
Woodworth  estimates  the  duration  of  the  Postglacial  epoch 
as  somewhere  between  20,000  and  100,000  years.  The  pres- 
ent writer  has  shown,  however,  that  nearly  all  the  uplifting 
of  the  Lake  Agassiz  area  took  place  probably  within  so 
short  a  time  as  about  one  thousand  years,  during  the  ex- 
istence of  that  lake,  since  which  time  the  region  has  been 
aflFected  only  by  very  slight  changes  of  level.  Likewise 
probably  the  uprise  of  the  St.  Lawrence  basin-  was  at  first 
relatively  rapid,  so  that  it  might  all  take  place  within  the 
period  of  about  7,000  or  6,000  years  which  is  indicated  for 
Postglacial  time  in  that  part  of  the  northern  United  States 
and  Canada  by  Prof.  N.  H.  Winchell  in  his  studies  of  the 
recession  of  the  Falls  of  St.  Anthony,  with  which  my  studies* 
of  the  Niagara  falls  and  gorge  well  coincide.  The  former 
estimate  of  the  period  since  the  Ice  age  as  tens  of  thotlisands 
of  years,  still  advocated  by  Gilbert  and  Woodworth,  is  op- 
posed by  a  great  range  of  well  accordant  evidences  on  the 
glaciated  areas  of  both  North  America  and  Europe. 

This  Hudson-Champlain  area,  made  classic  in  glacial 
geology  by  the  work  of  C.  H.  Hitchcock,  Baldwin,  Baron  de 
Geer,  Gilbert,  Merrill,  Peet,  Woodworth,  and  others,  which 
throuj^^h  the  writings  of  Hitchcock  and  Dana  gave  the  name 
Champlain  to  the  closing  epoch  of  the  Ice  age,  deserves  yet 
further  work  of  detailed  surveys,  with  exact  levelling  for 
determination  of  the  relations  of  all  its  lacustrine  and  marine 
shore  lines.  No  other  area  of  our  continent  promises  more 
important  information  concerning  the  Glacial  and  Recent 
periods. 

It  should  also  he  added  that  the  deeply  submerged  outer 
fjord  of  the  Hudson,  made  known  with  exact  soundings  and 
chartinir  by   Lindenkohl,  is  the  key  to  the  causes  of  the 


t  Pop.   Sci.   Monthly,   vcyl.  x,   pp.    434-446,   Feb.,  1877. 
t  Vop.    Scj.    Monthly,    vol.    xiii.    pp.    641-660,    Oct.,   1878. 
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Glacial  period,  by  its  testimony  of  very  great  preglacial  land 
elevation,  together  with  the  similar  evidence  given  by  the 
submarine  continuations  of  the  G)ngo,  the  Adour,  and  other 
rivers,  and  by  the  profound  depths  of  the  Scandinavian  and 
Arctic  fjords. 


THE  JURASSIC  HORIZON   AROUND  THE  SOUTHERN  END  OP 

THE  ROCKY  MOUNTAINS. 
By  Charles  R.  Keycs,  Socorro,  New  Mexico 

Soon  after  passing  the  Colorado  line  the  Rocky  moun- 
tains rapidly  lose  their  predominant  characteristics  and 
fade  out  completely  into  the  Mexican  tableland.  The  moun- 
tain ranges  which  succeed  to  the  southward  are  short,  iso- 
lated, tilted  blocks,  that  are  of  a  wholly  different  type  from 
that  of  the  mountainous  structures  to  the  northward,  and 
to  which  they  present  marked  topographic  contrasts. 

At  this  southern  extremity  of  the  Rockies  in  northern 
New  Mexico,  the  general  stratigraphy  presents  some  un- 
looked  for  phases  that  are  of  exceptional  interest.  More- 
over, it  is  here  that  the  eastern  Mississippi  valley  strati- 
graphy, with  which  American  workers  arc  most  familiar, 
loses  its  identity  and  is  replaced  by  a  less  known  western 
stratigraphy.  The  rock-successions  of  these  two  provinces 
have  never  been  satisfactorily  or  exactly  paralleled.  Of  the 
many  stratigraphic  problems  that  have  arisen  recently  for 
solution  in  this  region  none  has  possessed  greater  interest 
than  the  questions  surrounding  the  horizon  at  which  the 
Jurassic  system  should  be  represented. 

Ever  since  the  time  of  Jules  Marcou's  trip,  sixty  years 
ago,  in  connection  with  the  Pacific  railroad  expedition  along 
the  thirty-fifth  parallel,  when  he  pronounced  the  now  cele- 
brated Tiicumcari  section  in  eastern  New  Mexico  as  of 
Triassic  and  Jurassic  ages,  there  has  been  waged  one  of  the 
bitterest  and  most  useless  controversies  in  the  history  of 
American  geology.  Marcou  was  well  acquainted  with  Ju- 
rassic and  Triassic  section.^  of  Europe  arid,  as  Louis  Agassiz 
has  well  remarked.*  he  could  hardly  be  blamed  for  seeing 

•  Am.   Jour.   Scl..    (1).   vol.    xxvll,   p.   184,  1859. 
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a  close  analogy  in  the  New  Mexican  sequence.-  The  full 
force  of  this  positi"»n  finds  another  instructive  parallel  in 
the  so-called  Permian  'question  of  central  Kansas.t 

Both  of  these  controversies  doubtlessly  would  have 
been  avoided  had  all  participants  relied  less  on  analogy  and 
more  upon  the  actual  critical  criteria  which  the  formations 
themselves  supply. 

Singularly  enough,  after  all  these  years  in  which  Mar- 
co;'  has  stoutly  maintained  the  correctness  of  his  original 
position,  the  "Triassic"  part  of  the  Tucumcari  section  ap- 
pears finally  to  be  determined  without  much  doubt  as  Tri- 
assic  in  age.  It  now  becomes  a  question  of  more  than 
passing  interest  to  inquire  anew  regarding  Marcou*s  Jurassic 
beds  of  the  same  locality. 

According  to  Marcou's  Pyramid  mountain  section, 
Avhich  is  near  the  Cerro  Tucumcari,  and  which  is  essentially 
the  same,  there  were  included  in  his  so-called  Jurassic 
sequence  (a)  about  225  feet  of  soft,  shaly,  light-colored 
sandstones,  which  Hill  has  since  correlated  with  the  Trinitv 
sands  of  central  Texas,  (b)  50  feet  of  bluish  fossiliferous 
shales,  which  Hill  considers  as  forming  the  uppermost  por- 
iton  of  the  Washita  division  of  the  Comanche  series,  and 
from  which  Marcou  collected  his  few  fossils,  and  (c)  50  feet 
of  massive  yellow  calcareous  sandstone,  which  has  since 
been  found  to  bc^  the  attenuated  extension  of  the  Dakota 
sandstone.  Even  within  the  last  decade  Cummins  has ' 
gathered  all  of  these  beds  into  a  single  unit  and  proposed 
for  them  the  title  of  the  Tucumcari  formation.*  All  of 
these  formations  at  Tucumcari  appear  to  form  a  perfectly 
c()nf(>riiia])le  succession. 

More  extended  observations  have  lately  shown  quite 
couclnsively  that  marked  unconformities  actually  exist  be* 
tween  everyone  of  the  formations  mentioned.  Regarding 
them  many  (juestions  now  arise  concerning  their  real  sig- 
nificance in  the  geological  history  of  the  region. 

The  remnant  of  the  Dakota  sandstone  (c)  which  is 
found  in  the  Tucumcari  section  is  now  known  to  form  the 
base   of  the    Mid-Cretaceous    (Upper   Cretaceous   of   Meek 


•   .Tournal    of    Goolopv.    vol.    vil,    pp.    221-241.   1890. 
♦   Texas  Geol.   Sur.,   Third  Ann.   Kept.,   p.    201,    1892. 
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and  Hayden).  It  rests  unconformably  on  all  older  forma- 
tions, from  the  Mid-Carboniferous  limestones  to  the 
Comanche  series. 

The  shale  (b)  beneath  the  massive  sandstone  at  the  top 
of  the  Tucumcari  section,  has  been  correlated  with  the  top- 
most portion  of  the  Washita  division  of  the  early  Cretaceous 
as  represented  farther  to  the  eastward  in  Texas.  The  lower 
members  of  the  early  Cretaceous  successively  thin  out  to 
the  north  and  west  from  the  central  part  of  that  state  and 
each  overlaps  the  next  below. 

The  next  formation  below  (a),  which  rests  unconform- 
ably upon  the  Triassic  Red  Beds  and  which  has  been  par- 
alleled with  the  Trinity  sands  of  central  Texas  appears  to 
be  a  formation  with  as  yet  no  tangibly  determinable  rela- 
tionships. It  may  be  the  basal  member  of  the  early  Cre- 
taceous section  which  is  so  well  developed  farther  to  the 
eastward,  and  this  has  been  the  view  advanced  by  Hill  and 
other  workers  in  the  Texas  field.  Or,  it  may  be  a  littoral 
deposit  that  followed  up  an  advancing  shore;  and  thus  it 
may  have  an  age  in  its  different  parts  extending  throughout 
the  Comanche  period.  However,  this  phase  of  the  subject 
receives  full  discussion  elsewhere. 

This  so-called  Trinity  sandstone  stands  apart  from  all 
else.  It  has  no  direct  genetic  relationships  with  the  forma- 
tions either  above  or  below.  The  unconformable  relations 
that  it  bears  both  to  the  superior  strata  and  to  the  inferior 
rocks  clearly  indicates  the  lapse  of  a  considerable  time  in- 
terval at  least  at  the  base.  There  is  then  in  this  sandstone 
an  important  geological  formation  about  which  little  is  yet 
definitely  known  regarding  its  geological  relationships ;  and 
to  the  westward  at  the  same  horizon  an  important  erosion 
interval  is  represented.  The  equivalents  of  these  in  the 
sediments  of  other  localities,  as  well  as  the  space  they  repre- 
sent in  the  general  geological  column  have  become  topics  of 
some  speculation. 

White,  who  was  long  the  best  American  authority  on 
the  Cretaceous  rocks,  considered  the  Trinity  sands,  or 
Dinosaur  beds,  as  reaching  down  into  the  Jurassic  period. 
Marcou  regarded  the  Jurassic  as  partially  represented  by 
this  formation.     Most  writers  have  disputed  the  existence 
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of  any  Jurassic  beds  in  this  part  of  the  continent.  Their 
evidence  has  been  even  less  conclusive  than  that;  presented 
by  the  pioneer  geologist  just  mentioned.  It  is  now  known 
that  Marcou  and  his  critics  were  not  discussing  exactly  the 
same  thing. 

Independent  of  whatever  may  have  been  concluded  in 
the  past  regarding  the  presence  or  absence  of  Jurassic  de- 
posits in  the  Tucumcari  section  it  is  certain  that  there  exists 
at  the  horizon  where  the  Jurassic  system  is  naturally  lo- 
cated in  the  general  geological  column,  a  stratigraphic  gap 
and  a  formation  about  which  there  is  much  to  learn  before 
their  real  significance  is  understood.  It  may  be  that  after 
all  Marcou's  surmise  was  right  and  that  the  Jurassic  sys- 
tem finds  representation  in  the  Cerro  Tucumcari,  just  as  it 
now  appears  that  his  shrewd  guess  regarding  the  Triassic 
eventually  proved  to  be  correct. 

In  this  connection  it  is  of  interest  to  note  that  in  west- 
ern New  Mexico,  in  the  Zuni  region,  Dutton  has  regarded 
the  great  sequence  of  sandstones  which  he  called  the  Zuni 
series,  and  which  is  upwards  of  1,200  feet  thick,  as  very 
likely  of  Jurassic  age.  He  correlated  this  series  with  the 
extensixc  deposits  of  so-called  Jurassic  age  in  Arizona,  Utah 
and  southwestern  Colorado.  The  Zuni  series  for  the  pres- 
ent is  here  still  associated  with  the  Triassic  system.  Its 
stratijT^raphic  relationships,  especially  with  the  Dakota 
sandstones,  and  the  position  in  the  Tucumcari  region  are 
indicated  in  the  section  subjoined  (Fig.  ..). 


The  Jurassic  Horizon  in  the  Southern  Rockt  Mountainb. 

The  horizon  represented  by  the  heavy  line  is  worthy  of 
much  attention.  Its  stratigraphic  horizon  is  that  of  the 
Jurassic  system  of  the  general  geological  section. 


El  Instituto  Geologica  de  Mexico. — Guild,  293 

EL  INSTITUTO  GEOLOGICA  DE  MEXICO. 

By  F.  N.  Guild,  Tuscon,  Akik. 
PLATE  XV. 

Since  the  International  Congress  of  Geologists  is  to 
convene  in  the  city  of  Mexico  during  the  coming  summer 
of  1906,  it  may  be  interesting  to  the  readers  of  the  Ameri 
CAN  Geologist  and  especially  to  those  who  expect  to  attend 
the  congress,  to  learn  something  of  the  work  of  the  Institute 
in  Mexico  which  corresponds  to  our  national  geological  sur- 
vey. Such  a  description  seems  especially  opportune  at  the 
present  time  when  the  Institute  has  taken  up  its  quarters 
in  an  excellent  new  building  expressly  designed  for  its  pur- 
poses, and  is  now  busily  engaged  in  sending  invitations  to 
all  parts  of  the  world  and  making  other  preparations  for  the 
congress  which  is  to  be  held  within  its  walls. 

The  first  step  which  led  to  definite  results  in  the  forma- 
tion of  a  geological  survey  in  Mexico  was  made  in  1886  and 
through  the  efforts  of  Antonio  del  Castillo,  then  professor 
of  mineralogy  and  geology  ?n  the  School  of  Mines,  an  au- 
thorization was  obtained  two  years  later  for  the  formation 
of  a  Comision  Geologica  de  Mexico.  The  first  publication 
'issued  in  1895  appeared  under  the  title  of  Boletin  de  la 
Comision  Geologica  de  Mexico.  Later,  however,  the  name 
was  changed  to  Instituto  Geologico  National  de  Mexico  and 
the  publications  appeared  under  that  name.  Castillo,  who 
may  be  considered  as  the  founder  of  the  Institute,  was 
chosen  director  which  position  he  held  until  his  death  in 
1895.  One  of  the  first  objects  of  the  Institute  seems  to  have 
been  the  preparation  of  sketches  (bos(iuejos)  on  the  gen- 
eral geology  of  the  country.  These  appear  in  bulletins  No. 
4,  5,  and  6.  They  are  accounts  of  scientific  expeditions  by 
various  members  of  the  sta-ff  into  different  parts  of  the  re- 
public. 

The  Institute  was  first  housed  in  tlic  Scliool  of  Mines 
building,  later  however,  removed  to  leniporary  ({uartcTs  in 
the  Calle  de  Pasco  Xnevo  Xuni.  2,  and  finally  into  its  pres- 
ent building  on  5a  Calle  del  Cij)res.  It  is  eciuipped  with 
excellent  chemical  laboratories  for  the  analysis  of  rocks  and 
minerals,  museums  for  geological  and  niincralogical  collec- 
tions, drafting  rooms,  libraries,  laboratories  for  microscopic 
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investigation,  and  all  necessary  appliances  for  geologic  re- 
search. The  museum  is  especially  well  equipped  with  a 
large  collection  of  nicely  trimmed  rocks  and  thin  sections 
corresponding.  Possibly  there  is  no  better  place  than 
Mexico  for  the  study  of  variations  in  rhyolitic  and  andesitic 
outflows,  and  the  Instituto  Geologico  keeps  its  doors  open 
to  scientists  who  desire  to  study  there.  The  staff  of  the 
Institute  at  present  consists  of  Jose  G.  Agnilera,  appointed 
director  on  the  death  of  Castillo,  Ezequiel  Ordonez,  sub- 
director  and  petrographer,  Emilio  Bose,  Carlos  Burckhardt, 
Juan  D.  Villarello,  E.  Angermann,  T.  Flores,  R.  Robles,  S. 
Truax,  and  A.  Villafana,  geologists,  R.  Santillan,  secretary, 
F.  Roel,  and  V.  de  Vigier,  chemists. 

The  Institute  has  an  interesting  and  in  some  respects 
uniciue  field  for  investigation.  The  larger  portion  of  the 
sedimentaries  and  older  crystalline  rocks  in  Mexico  are  cov- 
ered by  great  masses  of  recent  products  of  volcanic  activity 
such  as  ashes,  andesitic  and  basaltic  outflows.  The  Insti- 
tute has  a  very  complete  collection  of  these  rocks  which 
have  quite  thoroughly  been  worked  out  from  a  petrograph- 
ical  standpoint  and  presented  to  the  public  through  its  ex- 
cellent bulletins.  Its  investigators  plan  in  the  near  future 
to  discuss  more  completely  the  chemical  relations  of  the 
outflows  and  doubtless  valuable  additions  will  be  made  to 
our  knowledp^e  of  the  diflPerentiation  of  volcanic  magmas. 
Volcanic  craters  arc  found  evervwhere,  some  in  the  state  of 
activity  (Coliina)  others  possessing  but  faint  traces  of  their 
former  power  (Popc^catepetl).  Even  within  less  than  two 
hours  ricle  from  the  city  of  Mexico  groups  of  volcanoes  may 
be  studied  where  crater  cones  rise  but  a  few  hundred  feet 
alK)ve  the  level  valley  of  Mexico  (Sierra  de  Catarina.) 
These  ])resent  variations  from  j)ure  cinder  cones  (Las  Cal- 
(leras)  to  cones  from  the  crater  of  which  more  liquid  mate- 
rial has  escaped  (Cerro  de  Ixtapalapa).  Thus  a  more  ideal 
spot  for  the  investigation  of  at  least  one  phase  of  geology 
could  hardly  be  imagined. 

Following  is  a  list  of  the  publications  of  the  Institute: 
Num.  1. — Fauna  F6sil  de  la  Sierra  de  Catorce,  por  A.  del  Ccustillo 

y  J.  G.  Aguilera.— 1S95.— 56  pp..  21  lAm. 
Num.  2. — Las  Rocas  Eruptivas  del  S.  O.  de  la  Cuenca  de  Mexico. 

por  E.  Ord6nez. — 1895. — 46  pp.,  1  Iftm. 
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Num.  3. — La  Geografia  Fisica  y  la  Geologia  de  la  Peninsula  de  Yu- 
catan, por  C.  Sapper. — 1896. — 58  pp.,  6  l&m. 

Nums.  4.  5  y  6. — Bosquejo  Geol6gico  de  Mexico. — 1897. — 272  pp.,  5 
l&m. 

Nums.  7.  8  y  9.— El  Mineral  de  Pachuca.— 1897. — 184  pp.,  14  Iftm. 

Num.  10. — Bibliografia  Geol6gica  y  Minera  de  la  Rep'ublica  Mexicana 
por  R.  Aguilar  y  Santill&n.— 1898.-158  pp. 

Num.  11. — Cat&logos  sistem&tico  y  geogr&fico  de  las  especies  mine- 
ral6gicas  de  la  Republica  Mexicana,  por  Jos6  G.  Aguilera. — 
1898.— 158   pp. 

Num.  12.— El  Real  del  Monte,  por  B.  Ord6nez  y  M.  Rangel. — 1899. 
—108  pp.,  26  l&m. 

Num.  13. — Geologia  de  los  alrededoreo  de  Orizaba,  con  un  perfll  de 
la  vertiente  oriental  de  la  Mesa  Central  de  Mexico,  por  Emilio 
Bose.— 1899.— 78  pp.,  3  l&m. 

Num.  14. — Las  Rhyolitas  de  Mexico  (Primera  parte),  por  E.  Ord6- 
nez. — 190. — 78  pp.,  6  l&m. 

Num.  15. — Las  Rhyolitas  de  Mexico  (Segunda  parte),  por  E.  Ord6- 
nez. — 1901. — 78  pp.,  6  Iftm. 

Numero  16. — Los  Criaderos  de  flerro  del  Cerro  del  Mercado  en  Du- 
rango,  por  M.  Rangel,  y  de  la  Hacienda  de  Vaquerias,  Estado 
de  Hidalgo,  por  J.  D.  Villarello  y  E.  Bose.— 1902.— 144  pp., 
5  l&m. 

Numero  17. — Bibliografia  Geol6glca  y  Minera  de  la  Republica  Mexi- 
cana por  R.  Aguilar  y  Santill&n. — 1904.      [En  prensa.] 

PARERGONBS. 

Tomo  L  No.  1. — Los  temblores  de  Zana tepee,  Oaxaca. — Estado  ac- 
tual del  VolcAn  de  Tacan^,  Chiapas,  por  Emilio  Bose. — 1903. 
25  pp.,  4  l&m. 

No.  ,2. — Fksiografia,  Geologia  6  Hidrologia  de  los  alrededores  de  la 
Paz,  Baja  California,  por  E.  Angermann. — El  &rea  cubierta 
por  la  ceniza  del  Volc&n  de  Santa  Maria,  Octubre  de  1902,  por 
Emilio  Bose.— 1904.     26  pp.,  3  Iftm. 

No.  3. — El  Mineral  de  Angangueo,  Michoac&n,  por  E.  Ord6nez. — Anft- 
lisis  de  una  muestra  de  granate  del  Mineral  de  Pihuamo,  Ja- 
lisco, por  J.  D.  Villarello. — Apuntes  sobre  el  Paleozoico  en  So- 
nora.  por  E.  Angermann. — 1904.     34  pp.,  2  Iftm. 

No.  4. — Estudio  de  la  teoria  quimica  propuesta  por  el  Sr.  Andres 
Almaraz  para  explicar  la  formacidn  del  petr61eo  de  Arag6n. 
Mexico,  D.  F.,  por  J.  D.  Villarello. — El  fierro  mete6rico  de 
Bacubirito,  Slnaloa,  por  E.  Angermann. — Las  aguas  subterr^- 
neas  de  Amozoc,  Puebla,  por  E.  Ord6nez. — 1904. — 24  pp.,  1 
l&mina. 

No.  5. — Informe  sobre  el  temblor  del  16  de  Enero  de  1902  en  el  Esta- 
do de  Guerrero,  por  los  Dres.  E.  Base  y  E.  Angermann. — Es- 
tudio de  una  muestra  de  mineral  asbesti'.orme  procedentc  del 
Rancho  del  Ahuacatillo,  Distrito  de  Zinap6cuaro,  E.  de  Michoa- 
cAn,  por  el  Ing.  J.  D.  Villarello.— 1904. — 26  pp. 
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No.  G. — Estudio  de  la  hidrologia  subterr&nea  de  la  regi6n  de  Caderey- 

ta  M6ndez,  E.  de  Quer6taro;  por  el  Ing.  J.  D.  Villarello. — 1904. 

— 58  pp.,  2  l&m. 
No.  7, — ^Estudio  de  una  muestra  de  grafita  de  Ejutla,  Estado  de  Oaxa- 

ca,  por  el  Ing.  J.  D.  Villarello. — ^An&Usls  de  las  cenlzas  del  yoI- 

c&n  de  Santa  Maria,  Guatemala,  yor'el  Ing.  E.  Ord6nez. — 

1904.— 26   pp. 
No.   8. — Hidrologia  ^ubterr&nea   de  los  alrededores   de   Querdtaro, 

por  el  Ing.   J.   D.   Villarello.— 1905. — 56  pp.,   3   l&minaa  y  2 

figuras. 
City  of  Mexico,  Aag.  25,  1905. 


SERPENTINES  IN  THE  NEIGH30RH00D    OF    PHILADELPHIA. 

Anna  I.  Jonas,  Bryn  Mawr,  Pa. 

The  object  of  this  paper  is  to  give  a  brief  review  of  the 
oGcurrence  and  origin  of  the  known  serpentines,  and  to 
describe  in  particular,  the  serpentine  dykes  in  the  neigh- 
borhood of  Philadelphia,  Penna. 

It  is  generally  conceded  that  serpentine,  wherever  oc- 
curring as  a  mineral  or  a  rock,  is  a  secondary  product 
formed  in  the  zone  of  katamorphism  and  that  it  is  devel- 
oped by  the  alteration  of  non-aluminous,  ferro-magnesian 
silicates ;  olivine,  the  pyroxenes,  anthophyllite,  tremolite  and 
actinolite.  In  a  less  number  of  cases  serpentine  has  been 
derived  from  a  limestone. 

An  entire  rock  mass  may  be  composed  exclusively  of 
serpentine,  or  the  rock  may  c(3ntain  remain?  of  the  original 
minerals  from  which  the  serpentine  was  derived.  The 
physical  characters  of  the  rock  serpentine  are  therefore 
somewhat  modified  by  the  presence  of  associated  minerals. 
In  color  serpentine  has  a  wide  range  through  all  shades  of 
jL^reen.  brown  and  reddish  brown.  Its  texture  depends 
larc^ely  on  the  mineral  from  which  it  was  derived;  serpen- 
tine formed  by  the  hydration  of  olivine,  is  massive;  that 
xariety  formed  by  the  alteration  of  an  amphibole  is  usually 
fil)rons.  Tliat  variety  which  results  from  the  alteration  of 
j)rv<)xene  may  be  described  as  massive. 

Since  serj)entine,  a  katamorj)liic  product,  is  not  easily 
weathered,  it  usually  forms  a  ridge  scantily  covered  with 
a  sterile  soil  composed  of  silica,  magnesia  and  stained  with 
iron  oxide. 
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Distributiofi. — Serpentine  has  a  wide  distribution 
through  the  British  Isles  and  Europe,  and  has  been  describ- 
ed from  several  localities  in  Asia  and  Africa.  The  serpen- 
tines of  England,  Wales  and  Scotland  have  been  traced  to 
olivine  rocks  and  are  usuallv  associated  with  masses  of 
gabbro  or  dioryte.  The  serpentines  of  Europe,  for  the 
most  part,  occur  in  belts  of  igneous  rocks  and  crystalline 
schists  and  gneisses,  and  are  largely  derived  from  perido- 
tytes,  pyroxenytes  or  gabbros.  Serpentinised  marble  is  re- 
reported  from  the  Passauer  gneiss  district  of  central  Europe,, 
from  the  upper  Reno  valley  of  Italy  and  from  the  Knopia 
district  of  Finland,  and  serpentine  is  associated  with  cal- 
careous schists  on  Corsica  and  at  Antioch,  Asia. 

In  America  serpentine  is  found  throughout  the  belt  of 
crystalline  formations  which  extends  from  Maine  to  Ala- 
bama and  forms  the  floor  of  the  Piedmont  plateau. 

Maine, — *In  Maine,  serpentine  has  been  reported  by 
Mr.  George  P.  Merrill  at  the  northern  end  of  Deer  Isle  in 
Penobscot  bay.  He  describes  it  as  a  very  dark  green  varie- 
ty mottled  by  diallage  crystals. 

Vemta?it^ — There  are  many  localities  of  serpentine  in 
the  state  of  Vermontt  on  the  boundary  between  Dover  and 
Newfane  counties,  at  Windham ;  in  the  hills  of  the  north- 
western part  of  Chester  extending  to  Ludlow  and  Caven- 
dish; at  Plymouth,  Roxbury,  Westfield  and  Troy.  The 
serpentine  is  associated  with  steatite  and  occurs  both  in 
mica  schists  and  gneisses.  It  is  placed  among  the  strati- 
fied rocks  because  it  occurs  as  thick  beds  in  foliated  rocks 
and  does  not  cut  them.  This  could  be  accounted  for  on  the 
supposition  that  the  serpentine  was  an  intrusive  which  had 
been  folded  along  with  the  rock  into  which  it  was  intruded. 
The  steep  slopes  of  Belvidere*  mountain  are  composed  of 
amphibolyte.  In  it  the  hornblende  has  been  largely  alter- 
ed to  fibrous  serpentine. 

Massachusetts. — In  the  Holyoke  folio  Emerson  dis- 
cusses the  serpentine  which  extends  from  Holyoke,  Massa- 
chusetts, south  into  Connecticut.     The  Chester  amphibolyte 

*0.   p.  Merrill,  "Stones  for  Building  and  Decoration,"  p.  60. 
t  Geologry  of  Vermon  1861,  vol.  i,  p.  544. 

t  Science,  vol.  xxl.  No.  533,  Mar.  17,  1905   (review).     "The  Serpentine 
and    Associated    Minerals    of    Belvidere    mountain,    Vermont,"    by    V.    F. 
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is  described  as  a  "dark,  flaggy  hornblende  schist,"  in  part 
replaced  by  serpentine  and  emery.  In  an  earlier  publica- 
tion it  was  described  as  an  altered  eruptive,  but  in  this  folio 
Emerson  calls  it  an  altered  sediment,  probably  a  dolomyte 
and  of  Lower  Silurian  age,  lying  between  the  Rowe  and 
Savov  schists,  both  of  which  are  sericite  schists.  Emerson 
decided  that  the  Chester  amphibolyte  is  a  sediment  because 
in  the  sedimentary  series  of  Connecticut,  Massachusetts  and 
\Ktx\wo\\\  there  are  beds  of  dolomyte  which  pass  into  ensta- 
titc  limestones  and  amphibolytes.  Not  only  is  emery  found 
in  limestones  but  the  amphibolytes  of  the  above  mentioned 
scries  are  derived  from  limestones.  The  Pelham  gneiss*  is 
exposed  in  long,  narrow  strips,  extending  north  and  south 
and  lying  to  the  east  of  the  Connecticut  river  in  Pelham 
and  Shuttcsbury.  In  this  gneiss  are  dykes  of  abronzite- 
olivinc  rock  ])arlially  altered  to   serpentine. 

In  this  monograph  lunerson  mentions  the •  occurrence 
of  serpentine  in  the  Chester  amphibolyte.  Tt  enters  Massa- 
chusetts from  X'crmont  and  extends  southwest  thrpugb 
Rowe.  Ifamj)shirc,  Hampden,  Blauford,  Granville  and 
Rnssel  counties  and  .dips  below  the  sands  of  the  Westfie|d 
plain  and  does  not   reai)])ear.  *  •  \^ 

XcTc  yorj. — In  1887  Dr.  Williams  published  a  paper  oil 
the  ser])enliiie'  in  the  <  )nondaga  salt  group  at  SyfacUdC. 
The  ex{)o  -vire  wa.s  situated  on  James  street  but  for  many 
\ears  lias  l)eeti  inaccessible.  It  was  noted  in  1837  and  re- 
ported to  X'annuxeni.  the  stale  geologist,  who  regarded  it  as 
an  a«|n('<.n>  deposit.  Mr.  Williams  claims  for  it  an  igneous 
origin:  in  iS();)  lie  {)nl)lislie<I  some  additional  proof  for  his 
\  irw  . 

>  In  i'"^-e\  c.nnty  at  I^ort  llenry  and  Moriah,  there  is 
ser]M'n!ine  derix  ed  fr<>ni  an  altered  dolomyte  and  pyroxene 
liinestMiu*.  A  similar  r< '(M<  is  found  in  Warren  countv.  Ser- 
j>entine  i^  a>soeiate<l  with  limestone  in  St.  I^awrence  county, 
Xew   N'ltrk. 

■'Serpentine  from  the  vicinitx  y^\  Xew  York  Citv  is 
found  at    Rye  and   Xew   Rochelle   in   West  Chester  county, 


•  Mi»T;n^:r;ii)li    xxix    of    V .    S.    G.    S.    l).\    H.  K.   Kmki  son, 

;  Ami.    Jour.    Sii..    .Srd    S«i-..    vi>l.    :>4.   p.    137.    'Tin-    Serpentine    of    Syra- 
4■ll^^••.    N"W    V«»ik."    l>y   <i.  n.   vN  ii.i  iA.M»*. 

liiill.    <;«'ol.    S«»<-.    .\iii..    vol.    I     pTi   ."i:!.'! -••,"«>. 
{|  (i.    r.    Mkuuill,  "StoiH's    for    Buildiim    ;hm1    I  )fioratlon." 
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at  Staten  Island  in  New  York  City  and  at  Castle  Point, 
Hoboken,  N.  J. 

^  Mr.  Xewland  has  described  all  these  serpentines  and 
believes  that  they  are  derived  from  pyroxenytes  and  peri- 
dotytes.  He  objects  to  J.  D.  Dana's  view  that  the  New 
Rochellc  serpentine  is  derived  from  a  limestone  contain- 
ing intruded  silicates,  t  Mr.  F.  J.  H.  Merrill  says  that  the 
serpentine  of  Xcw  Rochelle,  is  derived  chiefly  from  amphi- 
bole  and  bronzite  which  are  almost  completely  serpentin- 
ised.  The  rocks  from  which  serpentine  was  derived  were 
amphibolytes  and  other  magnesian  silicate  rocks  intruded 
into  ( )rdovician  schists.*  Julicn  describes  in  detail,  amphi- 
bole  schists,  (pyroxene  schists),  dioryte  schists  and  gneisses 
throughout  Manhattan  island.  The  one  area  of  serpentine 
that  is  of  importance  occupies  a  long  belt  between  West 
Fiftv-fourlh  and  Sixtv-third  streets  from  Tenth  avenue  to 
the  Hudson  river.  It  represents  a  further  alteration  pro- 
duct of  the  horni)lende  schists :  both  are  alterations  of  basic 
igneous  intrusions. 

Xciv  Jersey. — A  different  origin  has  been  proposed  for 
the  deposits  at  Montville,  X.  J.^  Mr.  G.  V  Merrill  consid- 
ers the  serpentine  to  be  the  result  of  the  alteration  of  a  non- 
aluminous  pyroxene  enclosed  in  a  magnesian  limestone.  At 
Mendham  in  the  same  belt  of  limestone  there  is  found  ser- 
pentine with  a  similar  origin. 

Pennsylvania. — In  Pennsylvania  serpentine  is  found  in 
Northanipton,  I  hicks,  Montgomery,  Delaware,  Chester  and 

Lancaster  counties,  forming  in  general,  lenticular  areas 
with  a  strike  southwest  and  northeast.  '^Thcre  is  an  area 
north  of  Easton  in  Xorthampton  county  and  small  areas 
along  the  Lehigh  river.  The  Easton  area  occurs  on  the 
southeastern  slope  of  Chestnut  hill.  'Die  hill  is  composed 
of  pre-Cambrian  gneisses  interstratified   with  beds  of  cal- 


•  New    York    Acad.    Trans.,    vol.    i,  p.    xH. 

t  Sch«M)l   of   Mines   Quart«Mly.    Apr.  inoi.  p.  nn,'.  July  IIMH.  j).  31*9.  article 

by  D.    H     NKWL4ND. 

t  App«»ndix  A.    The  Geology  of  the  Cry.Ktalline   Rock.**  of  Southeastern 
New  York,   by  F  J.  Mkhuill.    itoprinte.l    rfoni    the    New    York    State   Mu- 
'fieum  Report.  1896. 

•  Bull,    of   Geo.    Soc.    Am.,    vol.    12.  pp.    421-IHI.    Genesis   of  the   Amphi- 
bole  Schists  and  Serpentines  of  Manhattan   Island.    N.    Y..    by    alexis    a. 

JUUBN. 

t  Proceed,    i;.    S.    Nat.    Mus..    vol.  xii. 

•  Reprint  from  Annals  N.   Y.  Acad.  Scl..    vol.    xiii..    No.    6    .pp.    419  l.iU. 
Jan.   14,  1!H)1.   by    F.    B     Pk(k. 


300  The  American  Geologist.  November,  i905 

cite  and  dolomite  which  furnish  the  main  source  of  the 
serpentine.  In  Bucks  county  there  are  two  small  serpen- 
tine areas  on  the  west  bank  of  Neshaminy  creek,  which  are 
products  of  the  alteration  of  basic  intrusives.  The  north- 
ern is  associated  with  gabbro.and  the  southern  area  is  in- 
trusive in  the  Wissahickon  mica-gneiss. 

*The  serpentines  of  the  Philadelphia  belt  of  crystalline 
rocks  occur  in  a  series  of  dykes  which  extend  through  Mont- 
gomery county  into  Delaware  and  Chester  counties ;  they 
will  be  described  in  detail  later. 

The  so-called  state  line  serpentines  are  a  continuation 
of  one  of  these  dykes.  They  extend  for  sixteen  miles  along 
the  boundary  between  Pennsylvania  and  Maryland,  begin- 
ning in  Chester  county,  at  Little  Elk  creek,  and  extending 
into  Lancaster  county  and  southv/est  into  Cecil  county, 
Maryland.^  These  like  the  other  serpentines  are  altered 
eruptives.t  They  are  associated  with  pyroxenytes  and 
peridotytes  and  they  represent  the  alteration  product  of 
these  rocks.  From  Cecil  county  westward  thi^ough  Har- 
ford* +  and  Baltimore  counties,  southwest  along  the  base 
of  Parrs  ridge,  across  Howard  and  Montgomery  counties  to 
the  Potomac.  They  are  secondary  products  of  both  pyrox- 
enytes and  peridotytes. 

Delaivare. — From  the  northeast  corner  of  Delaware, 
extending  southwest  into  Maryland  is  a  belt  of  gabbro  and 
associated  rock  types. t  At  Chestnut  Hill  and  Iron  Hill  the 
peridotyte  is  serpentinised.  In  Delaware  there  is  one  other 
serpentine  area.  It  lies  in  northern  New  Castle  county  east 
of  Red  C'lay  creek.  It  is  intrusive  in  the  mica-gneiss  and 
with  it  as  is  freciuently  the  case,  are  associated  pegmatytes 
which  may  rej)rescnt  tlic  most  acid  phase  of  the  magma  of 
wliich  the  mother  rock  of  serpentine  is  the  most  basic. 

Mrginia. — In  V'irginia  W.  R.  Rogers  has  described  ser- 
pentine from  the  soapstone  rocks  of  Nelson*  and  Amherst 
counties. 


•  Bun.    13.    Geo.    Soo.    Amer. 

t  F     D.    CiiKHTEii.  FVnna.  Gool.  Surv.,   Ann.    Rept.,   18S7,   pp.  93-106. 
t  Maryland    Gool.    Surv.,    Rrpt.    of  Cecil    Co.,     F.    Bahcom. 

*  Am.    Geol.,   July.   1S9<>.    The   Non-Fcldyp.ithic      Intrusive     rocks       of 
Maryland,    by   (i.     H.     Williams 

t  These    serpentines    have    been   described  bv  Du.    A.   Johannsen    in  an 
elaborate    paper    which    has    not    yet  boon    nublished. 
t  Bull.  59,  U.  S.  G.  S..  18%.  by    Fkkdkrh  k  D.  Ciiestkk 
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Nor//i  Carolina. — +  The  peridotyte  serpentine  belt  of 
North  Carolina  is  scattered  over  an  area  forty  miles  wide. 
For  the  most  part  the  peridotyte  is  fresh  and  its  olivine 
shows  but  slight  alteration  to  serpentine.  South  of 
Waynesville  there  is  only  one  small  area  of  massive  serpen- 
tine but  to  the  north  in  Buncombe,  Madison  and  Yancey 
counties  there  is  much  typical  massive  serpentine. 

XGcorgia — In  Harris  county,  western  Georgia,  Clem- 
ents reports  serpentine-  It  is  derived  from  the  peridotyte 
of  the  belt  which  extends  into  Georgia  from  Carolina  and 
bears  eorundum.5  This  belt  extends  westward  into  ||  east- 
ern Alal.ama  and  there  contains  serpentine  associated  with 
steatite.  This  is  the  most  southerly  extension  of  the  belt 
of  crystallines  with  which  serj^entine  is  associated  and 
which  extends  throughout  the  Atlantic  states. 

There  are  scattered  areas  of  serpentine  in  Texas, 
Minnesota  and  Colorado.  In  the  Cascade  and  Sierra  Ne- 
vada mountains  of  Washington  and  Oregon  and  in  the  coast 
range  of  California,  in  the  Sacramento  valley,  and  on  the 
San  Franciscan  peninsula,  serpentine  has  been  described 
and  its  origin  traced  to  pyroxenytes.  and  peridotytes. 

The  Serpentines  of  the  Philadelphia  Belt. — The  Pied- 
mont belt  of  the  eastern  United  States  lies  between  the  xA.p- 
palachian  province  to  the  west  and  the  coastal  plain  region 
to  the  east.  It  extends  from  Maine  southwest  to  middle 
Alabama.  Its  surface  is  rolling  with  flat  topped  hills  sepa- 
rated by  deep  cut  valleys.  On  these  hills  is  seen  the  rem- 
nant of  the  Jurassic  peneplain :  after  this  peneplain  had  re- 
ceived its  load  of  Cretaceous  sediments  and  had  !)een  raised 
above  sea  level,  streams  began  to  cut  into  the  Cretaceous 
sediments.  They  wore  through  them  and  cut  gorges  into 
the  crystalline  rocks  of  the  Piedmont. 

The  rocks  across  which  the  streams  flow  are  gneisses, 
quartzyte,  marble  and  schists,  closely  folded  an«l  fruilted. 
They  are  cut  by  erui)tives  which  range  widely  in  c(^m- 
position.  Tht-Ye  are  two  belts  of  crystallines  separated  by 
a  cover  of  Triassic  sandstone. 


•  GooloKV    of     tlu'     Virginias,     issi.     W   B.  Poijkus,      p.   l»lH>-2y7. 
t  Gool.   Surv.  of  N.   C\ir..    ISJHl.   Hull.   H,   l>y  Lkwis. 
X  Pull.   ,*>,   Alabatiia    Surv. 

{  Bull.   -.  G«*<>1.  Surv.   Cn'orjjia,  on  c;orun<luin  Deposits. 
II  Bull.   .*>.  Alabama  Surv.,  by  Alfred  Brooks. 
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In  the  southeastern  belt,  the  oldest  rock  is  the  Balti- 
more g^neiss  of  pre-Cambrian  age.     It  is  composed  of  light 
bands  of  quartz  and  feldspar  alternating  with  dark  horn- 
blendic  layers,  closely  folded  and  contorted.     This  rock  to- 
gether with  gabbro  forms  Buckridge  and  strikes  northeast 
and   southwest,  separating  the   Cambro-Silurian   series   of 
quartzyte,  limestone  and  mica-schist  from  the  Wissahickon 
mica-gneiss  to  the  southeast.     Unconformably  overlying  the 
Baltimore  gneiss  is  the  Chickies  quartzyte,  a  thinly  bedded 
crystalline  rock   full  of  sericite,  which   gives  it   a  buff  to 
green  color  and  a    schistose  character.     This  resistant  rock 
forms  the  ridge  of  the  north  Chester  valley  hills.     To  the 
south  of  these  hills  is  the  limestone  of  the  Chester  vallev. 
It  is  a  magnesian  limestone  of  Cambro-Silurian  age  and  it 
grades  ui)ward  into  the  Hudson  River  mica-schist,  which 
caps  the  south  Chester  valley  hills.     The  mica-schist  is  a 
schistose  rock  composed  of  mica  and  quartz;  the  quartz 
is  present  in  lenses  about  which  the  mica  is  bent. 

The  age  of  the  Wissahickon  mica-gneiss  has  not  yet 
been  fully  worked  out.  The  rock  is  silvery  gray  in  color, 
with  alternating  schistose  and  gneissic  bands.  Abundant 
mica  shows  on  the  cleavage  planes  and  quartz  and  feld- 
spar on  planes  at  right  angles  to  the  cleavage. 

The  Triassic  cover  of  red  sandstone  and  shale  still  re- 
mains over  a  portion  of  the  Piedmont  plateau.  Contem- 
poraneous with  the  deposition  of  the  Triassic  beds  was  a 
flow  of  basalt  and  an  intrusion  of  diabase  extending  from 
Connecticut  to  Virginia.  In  Pennsylvania  this  resulted  in 
a  scries  of  diabase  dykes  which  extend  southwest  through 
the   plateau. 

The  older  igneous  rocks  are  more  abundant  in  the  re- 
i^ion.  There  was  a  period  of  post-Ordovician  and  pre- 
Triassic  activity  which  assisted  the  forces  of  regional  nie- 
tamorphism  in  altering  the  sedimentary  Palaeozoic  and  pre- 
Palreozoic  rocks.  The  igneous  material  is  granite  and 
jj^a])l)roitic,  the  main  mass  is  gabbro  which,  in  the  vicinity  of 
Philadelphia  is  intruded  into  the  Baltimore  gneiss  and  mica- 
j:^nciss.  The  rock  is  either  an  augite,  or  hypersthene-gabhro 
penetrated  by  dykes  of  ])eridotytes  or  pyroxenytes. — It  is 
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these  ultra  basic  rocks  which  furnish  the  original  material 
from  which  the  serpentine  is  derived. 

*  The  serpentines  of  the  Philadelphia  belt  occur  as 
dykes,  intrusive  in  the  mica-gneiss  and  Baltimore  gneiss 
and  strike  southwest  and  northeast. 

They  may  be  grouped  into  four  dykes,  each  composed 
of  a  series  of  non-continuous  outcrops  extending  southwest 
from  near  the  Schuylkill.  They  form  prominent  ridges 
which  are  covered  but  scantilv  with  soil  and  which  are 
characterised  often  by  a  growth  of  cedar  trees. 

The  southeast  dyke  is  intrusive  in  the  Wissahickon 
mica-gneiss  and  extends  from  Chestnut  Hill  southwest  to 
one  mile  east  of  Hryn  Mawr  station.  The  dyke  as  exposed 
at  Lafayette  is  typically  a  grayish  green  soapstone.  At 
Black  Rock  (juarry  the  serpentine  is  a  grayish  green  rock 
mottled  with  large  dark  green  olivine  cry«^tals ;  specimens 
have  been  found  in  which  are  large  cross  twins  of  ser- 
pentinised  olivine,  lender  the  microscope  the  mass  of  the 
rock  is  steatite,  api)earing  with  crossed  nicols  as  brilliantly 
polarising  scales.  The  steatite  is  considered  to  be  an  alter- 
ation product  both  of  an  original  pryoxene  and  of  the  ser- 
pentine which  it  penetrates.  The  olivine  present  is  altered 
only  along  the  periphery  and  cracks  and  cores  of  it  still 
remain.  In  addition  the  rock  contains  very  abundant  cal- 
cite  and  magnetite. 

The  rock  is  an  altered  peridotyte  whose  original  con- 
stituents are  olivine  and  pyroxene  which  have  altered  to  ser- 
pentinised  talc  and  the  by-products  which  accompany  ser- 
pentinisation.  Along  the  contact  of  the  dyke  with  the  mica- 
gneiss  there  has  !)een  formed  chlorite-schist,  a  green  schis- 
tose rock  composed  of  chlorite  with  needles  of  hornblende. 

The  second  dyke  lies  to  the  northwest  of  the  first  and  is 
intrusive  in  the  Wissahickon  mica-gneiss  close  to  the 
boimdary  between  it  and  the  r»altimore  gneiss.  The  dyke 
shows  an  exposure  east  of  the  Schuylkill.  From  Lafayette 
on  the  west  side  oi  the  river  it  extends  southwest  with  al- 
most continuous  «»utcn)])s  to  Delaware  county  where  it 
widens  out  considerably.     The  rock  is  verv  similar  to  that 
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of  the  dyke  just  described.  In  microscopic  section  it  shows 
serpentine  altered  from  olivine  and  secondary  tremolite  and 
anthophyllite  partially  altered  to  serpentine.  Enstatite 
may  be  present  fresh  or  unaltered.  Talc,  calcite  and  mag- 
netite occur  in  abundance.  From  the  fresh  structure  seen 
under  the  microscope  and  the  presence  of  olivine  in  various 
stages  of  alteration  to  serpentine  the  original  rock  is  de- 
cided to  be  a  peridotyte. 

The  third  dyke  shows  one  exposure  in  Montgomery 
county.  On  the  edge  of  the  gabbro  area,  along  Arrowmink 
creek.  A  second  exposure  known  as  Castle  Rock,  is  situated 
in  Delaware  county  near  Edgemont.  It  is  an  example  of 
serpentine  resulting  from  the  alteration  of  a  pyroxenyte. 
The  rock  is  medium  grained  and  dark  green,  composed  of 
fibrous  tremolite,  augite,  enstatite  and  talc.  The  original 
pyroxenes  are  augite  and  enstatite  while  tremolite  is  a  nec- 
essary product.  All  three  minerals  show  alteration  to  talc 
which  pierces  them  in  all  directions.  This  description  ap- 
plies to  a  specimen  obtained  from  the  center  of  the  mass; 
in  an  outlying  portion  the  rock  is  almost  completely  ser- 
pentinised  and  is  a  dense,  massive,  green  serpentine  of  uni- 
form character.  The  rectangular  (?leavage  of  augite  out- 
lined by  iron  oxide  can  be  seen  in  the  serpentine. 

The  outcro])  of  the  fourth  dyke  extends  sporadically 
from  (jiiol])h  Mills,  in  ^Fontg()nlc^y  county  southwest  into 
Chester  county.  I'hree-fourths  of  a  mile  south  of  Paoli  the 
dyke  ^ivcs  rise  to  a  barren  ridge  which  is  a  distinct  topo- 
grapliic  feature  for  ten  miles  to  the  'southeast.  The  rock 
south  of  I^aoli  is  a  li^lit  yellowish  green  serpentine  very 
massixc  in  character  and  yet  under  the  microscope  showing 
evidence  of  alteration  from  olivine  and  in  a  small  part  from 
a  i)yroxene. 

A  study  of  the  field  relations  and  microscopic  sections 
of  the  serj)entines  of  the  Philadelphia  belt  shows  that  they 
are  secondary  to  j)yro\'enytes  and  peridotytes  which  they 
have  in  a  larj^e  measure  replaced.  Such  an  origin  has 
been  ascribed  to  the  greater  part  of  the  serpentines  of  the 
world  and  it  is  onlv  in  a  few  cases  that  thev  have  been  re- 
garded  as  secondary  products  of  sedimentary  rocks. 
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AN     EXPLANATION     OF    THE    PHENOMENA     SEEN     IN     THE 
BECKE  METHOD  OF  DETERMINING  INDEX 

OF  REFRACTION.* 

By  \V.  O.  H0TCHKI88,  Madison.  Wis. 

In  the  identification  of  minerals  in  rock  sections  the 
method  of  procedure  is  always  the  determination  of  the  fixed 
physical  properties.  Among  these  constants,  the  ones 
which  are  ordinarily  employed  on  account  of  their  easy  de- 
termination are  the  index  of  refraction,  birefringence,  posi- 
tive or  negative  character,  orientation  of  the  plane  of  the 
optic  axes,  and  angle  oi  the  optic  axes.  Cleavage  and  ex- 
tinction angles  are  also  useful  when  the  orientation  of  the 
section  can  be  ascertained  with  any  degree  of  certainty. 
Among  tiiese  properties  the  refractive  index  and  the  bire- 
fringence are  probably  known  for  the  widest  range  of  min- 
erals and  are  therefore  most  useful.  The  latter  is  readily 
determined  bv  the  metb.od  described  bv  L.  V.  Pirsson  and 
H.  H.  Robinson.^  The  former  is  measured  bv  the  method 
of  Count  von  Chaulnes  (see  Rosenbusch-lddings  for  de- 
scrii)tion  of  method)  and  by  the  Becke  method.  The  first 
method  gives  the  numerical  index  but  is  clumsy  and  inaccu- 
rate;  the  latter  merelv  indicates  whether  the  index  is 
higher  or  lower  than  that  of  the  contiguous  medium,  but 
it  is  easily  applied  and  is  so  delicate  that  differences  in  re- 
fractive index  of  .001  have  been  observed  by  the  originator 
of  the  method.  The  extreme  usefulness  of  the  Becke 
method  led  the  writer  to  endeavor  to  find  a  more  detailed 
explanation  of  the  phenomena  observed.  The  construction, 
given  below,  it  is  believed,  will  satisfactorily  explain  all  the 
phenomena. 

Let  us  assume  A  !>,  in  fig.  i,  to  be  a  cross-section  of 
two  minerals  with  indices  of  1.50  and  1.70  resi)ectively, 
whose  plane  of  contact  is  represented  by  the  line  C-I)  and  is 
perpendicular  to  the  j)age.  Then  if  the  section  be  in  a  mi- 
croscope arranged  to  give  convergent  polarized  light  the 
convergent  rays  will  come  from  below  and  the  objective  lie 
above  the  cn^ss-section  as  shown.     Rav  i  is  refracted  so  as 


•lVb*»r   (li<'    H»-.stiin»ubark»'il    d»'r    G«*at«*lnsu:»-nK'nffth«"ll«'.    br.MondtTs    «l«'r 
plagrioklas*'  aiif  Oriirnl  Ihn  s  I.irlitl>r«clnin8rsvernjr»K"ns.      SitzunKHb.  k.  Akad. 
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to  meet  the  plane  between  the  two  media  at  the  point  n,  at 
a  distance  above  the  point  x  of  1.87  times  the  length  x-y. 
Ray  2  meets  it  at  m,  a  distance  equal  to  1.56  times  x-y. 
Rays  3  and  4,  since  B  has  higher  index^  are  refracted  to  meet 
the  plane  at  points  m'  and  n',  higher  than  the  similar  rays 
in  A,  or  at  distances  above  y  of  i  .76  and  2.18  times  x-y,  re- 
spectively. 

At  the  surface  of  contact  between  A  and  B  the  critical 
angle  is  62°  10'  and  so  all  rays  incident  on  y-z  from  B  at  an 
angle  greater  than  62°  10'  are  totally  reflected  back  into  B. 


On  the  otlier  hand,  a  portion  of  the  light  from  A  incident 
uj)on  y-z  is  refracted  into  B.  The  ratio  between  the  amount 
reflected  and  the  amount  refracted  depends  upon  several 
factors.  In  proportion  as  the  contact  surfaces  of  A  and  B 
are  highly  polished,  more  light  is  reflected  and  less  refract- 
ed;  as  the  angle  of  incidence  increases  more  light  is  re- 
flected and  less  refracted;  and  as  the  difference  in  the  in- 
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dices  increases  the  amount  of  light  reflected  becomes 
greater.  Since  the  contact  surface  of  minerals  in  rocks  is 
seldom  smooth  the  tendency  is  for  a  large  part  of  the  light 
from  A  to  be  refracted  into  B,  and  the  condition  obtains  as 
shown  in  the  figure, — that  for  a  certain  vertical  distance 
along  the  contact,  approximately  equal  to  mn',  nearly  alt 
the  light  will  be  on  side  of  the  mineral  having  the  higher  in- 
dex. If  the  objective  of  our  microscope  is  focused  within 
this  vertical  distance  a  band  of  light  will  be  seen,  if  it  is 
raised  the  band  will  be  seen  to  broaden,  as  is  evident  from 
the  directions  of  the  refracted  and  totally  reflected  rays.  If, 
on  the  other  hand,  the  objective  is  lowered,  the  band  be- 
comes narrower  and  finally  is  brighter  on  the  side  of  the 
mineral  of  lower  index.  This  is  explained  by  the  fact  that 
the  light  in  A,  which  is  approximately  the  same  in  amount 
as  that  in  R  at  this  distance  above  the  base  of  the  section, 
is  concentrated  in  a  band  of  width  mr  which  is  shorter  than 
ms  and  will  therefore  show  greater  intensity.  As  the  objec- 
tive is  lowered,  the  bright  band  in  A  and  the  less  bright  one 
in  B  broaden  out. 

If  rays  from  1>  are  incident  upon  y-z  at  an  angle  less 
than  the  critical  angle  (62°  10'  in  the  case  illustrated),  they 
will  not  be  totally  reflected  but  will  partly  pass  through 
into  A.  If  there  is  sufficient  light  thus  refracted  a  bright 
band  will  be  seen  in  A  as  well  as  in  B  when  the  objective  is 
raised.  It  is  important  therefore  to  diaphragm  the  light 
entering  the  condensing  system  to  such  an  extent  that  alt 
the  light  from  B  is  totally  reflected  at  the  contact  surface. 
This  increases  the  relative  brightness  of  the  band  seen  in  B. 

Computations  of  the  different  values  of  the  distances 
from  V  to  m  and  n  were  made  for  other  indices  besides  the 
two  figured.  The  angles  of  incidence  of  the  four  converg- 
ing rays  were  taken  as  45°  and  20°  as  in  the  figure  and  the 
distance  from  x  to  v  was  taken  as  unitv. 

It  is  evident  from  this  table  that  the  distance* from  n  to 
n'  (see  fig.  i)  is  quite  within  the  range  of  observable  quan- 
tities even  for  slight  differences  in  index  of  refraction.  The 
lengths  of  yn  and  ym  for  indices  of  i  .54  and  i  .56  were  com- 


308 


The  American  Geologist.  Norember,  iww 


Index 

Angles  of  refraction  for 
Incidence  of 

y  n 

y  m 

Diff. 
(n-m) 

45°                     20° 

1.50 

}         1.54 

1.56 

28°  10' 
27°  20' 
27°     0' 

13°   10' 
12°  50' 
12°   40' 

1.87 
1.93 
1.96 

1.56 
1.60 
1.62 

.31 
.33 
.34 

1.60 

26°  10' 

12°  20' 

2.04 

1.66 

.38 

1.70 

24°  40' 

11°   40' 

2.18 

1.76 

.42 

2.00 

20°  40' 

9°   50' 

2.65 

2.10 

.55 

puted  with  this  in  mind.  In  these  yn  for  1.54  is  .03  less 
than  for  1 .56.  If  these  figures  are  reduced  so  as  to  be  com- 
parable with  the  thickness  of  microscope  sections,  the  dif- 
ference in  a  section  of  .030  mm.  thick  would  be  about 
.0005  mm. — a  magnitude  which,  though  hard  to  measure 
accuratelv,  is  easilv  observed. 

The  difference  ])etw^een  ym  and  vn  bears  a  fairlv  con- 
stant  ratio  to  yn  for  the  common  range  of  indices — being 
about  one-sixth.  This  in  a  slide  .030  mm.  thick  would  be 
.005  if  yn  be  taken  as  the  thickness  of  the  plate.  This 
magnitude  (.005)  is  about  the  average  change  in  focus  neces- 
sary to  cause  tlie  bright  band  to  shift  from  one  side  of  the 
contact  to  the  other.  Within  this  distance  the  light  coming 
from  the  side  having  the  greater  index  is  totally  reflected, 
wliile  from  the  other  side  the  larger  part  is  refracted  at  the 
contact.  Therefore  the  focus  nuist  be  changed  througli  a 
<listance  of  this  order  of  magnitude  in  order  to  show  the 
band  on  oi)j)osite  sides. 

I  lu-  a])])lication  of  this  metliod  c^f  determining  relative 
iiidrx  of  refraction  is  very  sim])le.  If  the  instrument  used 
is  not  jirovided  with  a  diapliragni  below  the  condensing 
K-nsi',  the  hand  may  be  used  to  shade  the  mirror,  thus  cut- 
lini::  off  j)art  of  the  light.  As  a  matter  of  experience  it  is 
found  that  the  han<l  i>  used  (juite  as  frecjuently  as  the  dia- 
])hra.i;ni  l)y  out-  accust<Mued  to  the  metliod.  The  fact  that 
as  the  objective  is  raised  the  light  band  goes  to  the  side  of 
the  higher  index  and  vice  versa  pr<")vides  a  simple  memory 
rule— focus  high,  band  on  side  c)f  higher  index;  focus  lows 
band  on  side  of  lower  index. 
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EDITORIAL  COMMENT^ 


'CONSOLIDATION  OF  THE  GEOLOGIST  WITH  ECONOMIC  GEOL- 
OGY. 

It  is  announced  among  the  advertisements  of  this  issue 
of  the  American  Geologist  that  the  Geologist  will  be  con- 
solidated, after  January  i,  1906,  with  the  new  journal, 
P2coN()Mic  Geology  and  the  facts  of  interest  to  subscribers 
are  tb.ere  treated.  It  remains  to  make  further  comment  from 
the  editor's  standpoint. 

When  the  American  Geologist  was  started(  1888)  there 
was  no  distinctively  geological  journal  in  America,  and  the 
Geological  Society  of  America  had  not  yet  been  organized. 
The  United  States  Geological  Survey  was  in  a  transitional 
stage.  Geology  in  America  was  represented  in  the  Interna- 
tional Congress  of  Geologists  by  a  number  of  delegates  from 
the  American  Association  for  the  Advancement  of  Science. 
If  American  geology  found  any  means  of  exi)ressing  itself 
its  voice  was  likely  to  be  muffled  by  passing  through  non- 
sym])athetic  agencies. 

These  things  have  changed.  The  science  is  not  only 
more  independent  and  urgent  in  the  presentation  of  its  in- 
terests, but  has  come  into  recognition  more  and  more  as  an 
clement  in  modern  civilization  which  needs  to  be  cared  fot, 
as  well  as  a  producer  and  safe-guard  of  a  large  share  of  the 
wealth  antl  comfort  of  the  nation. 

The  as])ect  of  American  geologv,  as  expressed  in  the 
purposes  and  publications  of  the  various  geological  surveys, 
has  changed  within  the  ])ast  18  years.  Time  was  w'hen  the 
director  of  the  United  States  Geological  Survey,  in  its  ex- 
tension over  the  older  states  of  the  Union,  defined  the  sphere 
of  that  survey  to  be  the  study  and  publication  of  paleonto- 
logical  and  structural  problems,  united  w-ith  the  mapping  of 
the  nation's  domain,  leaving  for  the  various  state  surveys 
the  investigation  of  economic  subjects.  \\'ithin  a  few  years, 
however,  the  economic  features  of  the  United  States  Survey 
have  expanded  enorniouslv-  The  efficiencv  of  the  survev 
and  the  judiciousness  of  its  exi)enditures  have  won  from 
Congress  larger  and  larger  sums  of  money,  ^ind  have  led  to 
the  extension  of  its  activities  over  wider  and  wider  fields  of 
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research.  The  various  state  surveys  have  also  devoted  their 
energies  more  fully  to  the  question — how  to  make  the  sur- 
vey immediately  useful.  Pure  science,  excepting  so  far  as 
it  is  prompted  and  promoted  by  the  search  for  the  useful, 
has  been  less  in  evidence  in  the  state  reports. 

In  volume  14  of  the  Geologist  (p.  186)  in  an  e<litorial 

are  the  following  words : 

"It  is  not  too  much  to  say  that  to  the  miner,  and  hence  to  the 
mining  industry,  geology  must  look  for  most  of  its  future  progress, 
at  least  in  the  United  States.  In  Canada  the  economic  side  of  geolo- 
gy has  always  been  put  to  the  front,  and  systematic  geology  has 
been  comparatively  neglected.  The  reverse  has  been  the  case  in 
the  United  States.  The  example  of  New  York  State,  which  has  en- 
tirely neglected,  officially,  its  economic  resources,  and  has  spent 
much  upon  the  technical  and  paleontologic  aspects  of  geological 
science,*  has  been  followed  by  too  many  of  the  state  surveys,  and 
too  closely  by  the  United  States  Survey.  Economic  geology  has 
made  headway  in  spite  of  this  indifference.  Speculative  and  tech- 
nical geology  has  had  the  field  for  many  years,  but  it  becomes  more 
and  more  apparent  that  room  must  be  made  for  an  extension  of  that 
phase  of  the  science  which  directly  concerns  the  greatest  number 
of  people." 

1  he  presLMit  witnesses  the  greatest  expansion  of  the 
niininii:  industry  known  to  our  historv.  It  is  in  the  flood 
of  this  movement  that  the  American  Geologist  is  consoli- 
dated with  tlie  new  journal  which  is  to  be  more  closely 
linked  with  ecoTioniic  .q^eolog^y. 

In  loc^kini^  (»\t.'r  the  pid)lished  plans  and  purposes  of  the 
editors  of  thi:  (iFoiocnsT.  the  editors  are  constrained  to  admit 
that  not  all  <  f  their  plans  and  promises  have  been  acconi- 
j)lislu'(l ;  l)nt  it  i>  with  no  feelinj^  of  regret  or  apology  that 
iluy  >c;'  s<»nu'  of  their  announced  ])lans  and  hopes  still  un- 
reali/iMJ.  Sonic  of  the  editors  who  evolved  those  plans  have 
died,  and  nc-w  efliiors  have  substituted  other  contributions, 
which  were  probably  cciually  within  the  scope  of  the  journal. 

W'c  had  aimed  to  issue  short  biographical  sketches  of 
all  deceased  American  geologists,  but  in  some  notable  in- 
stances «»ur  e (Torts  have  failed.  Seventy  such  sketches  have 
been  ])ublished  in  fbe  GEOLociisT.  We  have  had  corres- 
j)ondence  to  this  end     concerning     T.ieber,  Little,  Rogers, 


*  In  Wic  v<'nv^n\u7A\l\c,u  of  tin-  New  York  Goolopical  Survey,  in  1903, 
tlnTf  has  b«M'n  ni:nl«'  r>rovisi«>iis  ft)r  tlie  invt-stiKatiori  and  report  on  the 
ocononiic  K<*(»l<.»p:y  of  the  statp. 


Editorial  Comment.  3 1 1 

Marcou,  Gesner,  King,  Vanuxem,  Alexander,  Percival^ 
Brooks,  Eames,  and  others,  and  have  gathered  some  un- 
arranged  data.  It  is  to  be  hoped  that  these  efforts  may  be 
pushed  by  some  one  to  future  fruition.  There  is  no  better 
place  to  preserve  the  personality  and  the  record  of  the  scien- 
tific labors  of  geologists  than  in  a  sympathetic  geological 
journal.  This  has  been  (or  had  been)  neglected  in  the 
United  States. 

In  laying  down  the  active  and  responsible  management 
of  the  journal  the  editors  revert  to  the  record  of  the  past  i8 
vears  with  satisfaction.  Thev  are  sure  that  on  the  whole 
the  influence  of  the  published  volumes  has  been  wholesome. 
They  fill  a  niche  in  the  passing  history  of  geology  in  Amer- 
ica which,  they  trust,  will  be  consulted  with  profit  by  the 
future  student.  The  years  1888  to  1906  have  been  crowded 
with  important  geological  research  and  with  improvements 
in  the  methods  of  geological  work,  and  the  American  Geol- 
,  OGiST  has  contributed  its  quota  to  the  progress  that  is  so 
apparent-  The  editors  wish  to  express  their  warmest 
thanks  to  the  contributors  who  have  co-operated  with  them, 
and  to  bespeak  for  the  new  editors  the  same  cardial  co- 
operation. ^-  ^-  ^' 

The  first  few  years  the  Geologist  was  maintained 
with  financial  loss  to  the  editors.  Not  counting  anything 
for  expense  of  editorial  management,  the  Geologist  has 
been  self-sustaining  for  about  ten  years,  and  for  the  last 
five  or  six  years  there  has  been  a  surplus  of  a  few  hundred 
dollars  annually  above  actual  expenses,  the  largest  anjiual 
surplus  having  been  S542.  The  sole  reason  for  surrender- 
ing this  charge  is  the  desire  on  the  ])art  of  the  managing 
editor,  with  advancing  years,  to  find  time  for  some  other 
contemplated  work-  The  Geologist,  as  a  journal  was 
never  in  as  good  condition  as  at  the  present  time. 
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The  secondary  origin  of  certain  granites,     R    A.  Daly.      (Am.  Jour. 

Sci.,  vol.  20,  Sept.  1905.) 

This  paper  throws  much  light  on  the  manner  of  origin  of  cer- 
tain acid  igneous  rocks.  In  the  prosecution  of  the  survey  of  the 
international  boundary  between  Canada  and  the  United  States,  in 
the  region  between  Port  Hill,  Idaho  and  Gateway,  Montana,  are 
found  enormous  thicknesses  of  quartzytes  associated  with  argillytes. 
Dr.  Daly  here  found  numerous  sills  of  gabbro  lying  parallel  in  the 
strata,  some  of  the  sills  having  a  thickness  of  2,500  feet,  while  the 
sedimentary  rocks  afford  a  total  of  about  20,000  feet  of  bedding 
exposed  to  geological  study.  The  sedimentary  rocks  are  divided 
into  Creston  quartzyte  (at  the  bottom),  the  Kitchener  quartzyte 
and  the  Moyie  argillyte. 

The  sills,  where  in  their  present  normal  condition,  were  found 
to  consist  of  hornblende  gabbro,  with  some  accessor>'  quartz,  titanite, 
biotite.  and  a  little  orthoclase.  While  this  is  not  a  gabbro  it  is* 
assumed  by  the  author  to  be  the  primary  intrusive  magma  that. 
entered  the  sedimentaries.  These  accessories  increase  as  the  rock 
varies  from  its  original  composition  in  the  vicinity  of  the  planes  of 
contact  with  the  sedimentary  rocks,  especially  the  orthoclase, 
quartz  and  biotite,  accompanied,  also,  by  microperthit^.  There  is, 
further,  a  variation  in  the  structural  relations.  The  quartz  becomes 
poikilitic  to  all  the  other  constituents  except  the  orthoclase  and 
the  niicroperthite,  and  with  these  it  forms  a  micrographic  inter- 
Krowth. 

These  i)heiininena  are  most  marked  in  the  greatest  sills,  the 
laiK<  i^i  being  di  noniinatid  the  Moyie  sill,  rather  more  than  2500 
feet  in  Thickness.  While  the  quartzytes  have  been  thoroughly 
nietaniorphosed,  and  especially  feldspathized,  near  the  sill,  the 
ual)l)ioi(l  rock  has  hecn  more  profoundly  altered.  This  alteration 
is  most  «'xt<  iisive  along  the  upper  contact  of  the  sill,  where  the 
hoinhhnihs  art*  obliterated  and  in  the  place  of  labradorite  is  the 
feldspar  andeslne.  Biotite  is  much  increased  in  amount  and  soda- 
orthoclase  also  occuis.  along  with  much  quartz;  microperthite, 
micropegmatyte,  calcite,  muscovite  and  epidote  are  also  found  along 
the  contact.  At  lifti  en  feet  from  the  ui)per  contact  hornblende  is 
still  wanting.  The  same  is  true  of  labradorite:  oligoclase  is  1.0  per 
cent,  so(la-b(  aring  orthoclase  is  \V1.'<  per  cent  and  quartz  41  per 
cent.  There  is  also  muscovite  and  titaniferous  magnetite.  At  50 
feet  fi(.m  the  upper  contact,  while  hornbhjnde  and  labradorite  are 
still  wanting,  oligoclase  constitutes  1.3  per  cent  and  orthoclase  24.9 
per  cent.  Quartz  is  h(  re  r»7.  per  cent,  and  calcite  2.5  per  cent.  At 
2u(i  feet  from  thi'  same  contact  hornblende  is  »JM  per  cent,  biotite  is 
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22.  per  cent,  andesine  is  1G.5  per  cent,  oligoclase  and  soda-bearing 
orthoclase  are  wanting  and  quartz  is  11.7  per  cent.  This  variation 
continues  to  diminish  toward  the  body  of  the  sill  until  the  endo- 
morphic  alteration  fades  out  into  the  normal  sill  rock. 

The  rock  at  15  feet  from  the  upper  contact  belongs  to  the  gran- 
ite family.  Toward  the  sill  the  rock  varies  more  and  more  to- 
ward the  gabbro  type  and  toward  the  contact  the  variation  is  more 
and  more  toward  granophyre  granite.  Xenoliths  from  the  quartzyte 
present  the  same  zones  of  metamorphism. 

The  author  calls  attention  to  similar  cases  of  profound  altera- 
tion at  contacts  of  basic  Intrusives  on  siliceous  clastic  rocks  in 
Minnesota  and  in  Ontario,  viz:  at  Pigeon  point  and  at  Sudbury, 
where  have  been  described  granitic  and  intermediate  rocks  resulting 
from  such  contact,  acting  themselves  as  igneous  rocks  and  forming 
characteristic  intrusions  in  the  manner  of  dikes. 

These  phenomena  are  regarded  by  the  author  as  demonstrating 
the  assimilation  theory  at  the  points  discussed.  In  his  synthetic 
discussion  he  makes  the  following  remarks: 

"The  secondary  origin  of  granite  has  long  been  maintained  by 
N.  H.  Winchell  who  has  referred  to  the  Pigeon  Point  case  as  among 
others,  demonstrating  the  fact.*  Bayley  came  to  the  same  belief 
for  the  granite  and  granophyre  of  the  point  but  he  did  not  extend  his 
argument  in  detail  to  cover  other  occurrences  among  the  Minne- 
sota intrusives.  On  the  other  hand  the  principle  has  not  been  ac- 
cepted as  applying  to  these  localities  even  by  Van  Hise  whose  rare 
knowledge  of  Lake  Superior  geology  must  give  his  opinion  excep- 
tional weight.t  Even  the  latest  text  books  of  geology  give  most 
inadequate  treatment  of  the  doctrine  tfiough  it  refers  to  one  of  the 
most  important  problems  in  the  whole  field  of  geology.  Doubtless 
the  majority  of  petrologists  are  to-day  unfavorable  to  the  assimila- 
tion theory  of  granite  and  its  relatives  except  as  it  applies  to  a 
ver>'  limited,  in  point  of  volume  insignificant,  modification  of  cer- 
tain magmas  at  their  contacts. 

"Van  Hise's  chief  argument  against  the  contact  origin  of  the 
Pigeon  Point  granite  emphasizes  the  fact  that  that  rock  has  not 
the  chemical  composition  either  of  the  sedimentary  formation  or 
(as  especially  shown  in  the  surplus  of  alkalies  and  the  deficiency  of 
iron  in  the  granophyre  granite)  of  a  direct  mixture  of  gabbro  ^nd 
sediments.^  The  much  quoted  argument  of  Brogger  with  refer- 
ence to  the  Norwegian  granites  is  based  on  a  similar  fact. 5  Many 
other  writers  have,  on  a  similar  ground,  excluded  contact  assimila- 
tion as  playing  any  considerable*  part  in  the  formation  of  abyssal  or 
hypabyssal  magmas. 

"In  practically  every  case  the  opponents  of  the  assimilation 
theory  have  treated  of  the  assimilation  as  essentially  a  static  phe- 

•  Final    R«*i)nrt.    Minn*  sola  (Jfolciijic-al   Surv«'V.   vol.   .'•.    p.   »;i',  ru*..    IIhmi. 

t  Monograph   4  7.   I*.   S.   ('i.'ol.   Sur..    1004.   pp.    7:J<»-7:i:>. 

t  Op.  clt..  p.   1'.\\\. 

J  Die   p:rupliVK«st»Ino  dt's   ('liri.stiania>?obiHt«.s.      I*t.   '1,    lM»r>,   p.    13o. 
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nomenon.  Each  interpretation  of  field  facts  has  been  phrased  in 
terms  of  magmatic  differentiation  versus  magmatic  assimilation  as 
explaining  the  eruptive  rocks  actually  seen  on  the  contacts  dis- 
cussed. Nothing  seems  more  probable,  however,  than  that  such 
rocks  are  often  to  be  referred  to  the  compound  process  of  assimila- 
tion accompanied  and  followed  by  magmatic  differentiation.  The 
chemical  composition  of  an  intrusive  rock  at  a  contact  of  magmatic 
assimilation  is  thus  not  simply  the  direct  product  of  digestion.  It 
is  the  net  result  of  re-arrangements  brought  about  in  the  com- 
pound magma  of  assimilation.  In  the  magma,  intrusion  currents, 
convection  currents  and  the  currents  set  up  by  the  sinking  or  rising 
of  xenoliths  must  take  a  part  in  destroying  any  simple  relation  be- 
tween the  chemical  constituents  of  the  intrusive  and  the  invaded 
formations.  Still  more  effective  may  be  the  laws  of  differention 
in  a  magma  made  heterogeneous  by  the  absorption  of  foreign  mate- 
rial which  Is  itself  generally  heterogeneous.  The  formation  of 
eutectic  compounds  or  rllixtures,  the  development  of  density  strati- 
fication, and  other  causes  for  the  chemical  and  physical  resorting 
of  materials  in  the  new  magma,  ought  certainly  to  be  regarded  as 
•of  powerful  effect  in  the  same  sense." 

The  author  mentions  other  defects  in  the  arguments  usually 
launched   against  assimilation,  and  concludes  as  follows: 

*In  the  foregoing  discussion  the  secondary  origin  of  some  gran- 
ite s  has  been  deduced  from  the  study  of  intrusive  sills  or  sheets; 
but  it  is  evidently  by  no  means  necessary  that  the  igneous  rock 
body  should  have  the  sill  form.  The  wider  and  more  important 
question  is  immediately  at  hand — does  the  assimilation-differentia- 
tion theory  apply  to  truly  abyssal  contacts?  Do  the  granites  of 
stocks  and  batholiths  sometimes  originate  in  a  manner  similar  or 
analogous  to  that  just  outlined  for  the  sills? 

"The  writer  has  briefly  noted  general  reasons  affording  affirma- 
tive answers  to  these  questions.* 

"r;abbro  and  granophyre  are  often  characteristically  associated 
at  vaiious  localities  in  the  British  islands  as  in  other  parts  of  the 
world.:  The  fit  Id  relations  are  not  there  so  simple  as  in  the 
ca.^e  of  the  Movie  sill,  for  example,  but  otherwise  the  occurrence  of 
mari>  conmion  features  among  all  these  rock  associations  suggests 
the  pos^il)ili!y  of  (extending  the  assimilation-differentiation  theory 
to  all  the  granophyrc  s.  Hark(M''s  excellent  memoir  on  the  gabbro 
and  granophyrr  of  the  Carrock  Fell  district,  England,  shows  re- 
markable i)arallels  bi'twecn  Maccolite  rocks*  and  those  of  Minne- 
sota  and  Ontario.! 

"At  Carioek  Fell  there  is  again  a  commonly  recurring  transi- 
tion fiom  the  granophyre  to  true  granite,  and  again  the  granophyre 
is  a  pei'iphfM'al  phase.     Still  larger  bodies  of  gabbro,  digesting  acid 


•Am.  J.uir.  Sri.,  vol.  1.'.  IIhc?,  p.  iMSK  ;  vol.  H\.  i:*n:{.  p.  107. 
:  S<M-  A.  (Jkikik.  Ancient  voleanoe.s  of  Gn-at  Britain.  1S97'. 
tguait.  Jour.  (ietd.  Soe.,  vol.  oo,   1M)4.  p.  311,  and  vol.  51.  1S95,  p.  125. 
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sediments  yet  more  energetically  than  in  the  intrusive  sheets, 
and  at  still  greater  depth,  would  yield  a  thoroughly  granular  acid 
rock  as  the  product  of  that  absorption  with  the  consequent  differ- 
entiation. This  does  not  imply,  of  course,  that  all  granites  are  of 
this  origin,  but  it  is  quite  possible  that  most  intrusive  granites  are 
either  of  this  origin  or  have  been  more  or  less  modified  through 
assimilation. 

"The  difficulty  of  discussing  those  questions  is  largely  owing  to 
the  absence  of  accessible  lower  contacts  in  the  average  granite  body. 
All  the  more  valuable  must  be  the  information  derived  from  intru- 
sive sills.  The  comparative  variety  of  such  rock  relations  as  are 
described  in  this  paper  does  not  at  all  indicate  the  exceptional 
nature  of  the  petrogenic  events  signalized  in  the  Moyie,  Pigeon 
Point  or  Sudbury  intrusives.  It  is  manifest  that  extensive  assimi- 
lation and  differentiation  can  only  take  place  in  sills  when  the  sills 
are  thick,  well  buried,  and  originally  of  high  temperature.  All 
these  conditions  apply  to  each  case  cited  in  the  present  paper.  The 
phenomena  described  are  relatively  rare  largely  because  thick  basic 
sills  cutting  acid  sediments  are  comparatively  rare. 

*'On  the  other  hand,  there  are  good  reasons  for  believing  that  a 
sub-crustal  gabbroid  magma,  actually  or  potentially  fluid,  is  general 
all  round  the  earth;  and  secondly,  that  the  overlying  solid  rocks 
are,  on  the  average,  crystalline  schists  and  sediments  more  acid 
than  gabbro.  Through  local,  though  widespread  and  profound,  as- 
similation of  those  acid  terranes  by  the  gabbro,  accompanied  and 
followed  by  differentiation,  the  batholitic  granites  may  in  large 
part  have  been  derived.*  True  batholiths  of  gabbro  are  rare,  per- 
haps because  batholitic  intrusion  is  always  dependent  on  assimila- 
tion. 

"The  argument  necessarily  extends  still  farther.  It  is  not 
logical  to  restrict  the  assimilation-differentiation  theory  to  the 
granites.  The  preparation  of  the  magmas  from  which  syenites  and 
diorites,  for  example,  have  crystallized,  may  have  been  similarly 
affected  by  the  local  assimilation  of  special  rock  formations.  The 
develoi)ment  of  some  of  the  anorthosites  of  the  Canadian  and  Adir- 
ondack Archean  was  possibly  conditioned  on  the  digestion  of  part 
of  the  associated  crystalline  limestones  by  plutonic  magma. 

"The  officers  of  the  Minnesota  Geological  survey  have  shown 
that  the  same  magma  represented  in  the  soda-granite  and  grano- 
phyre  of  Pigeon  Point  forms  both  dikes  and  amygdaloidal  surface 
flows.t  The  assimilation-differentiation  theory  is  evidently  as  ap- 
plicable to  lavas  as  to  intrusive  bodies.  Hut  demonstration  of  the 
truth  or  error  of  the  theory  will  doubtless  be  found  in  the  study 
of  intrusive  igneous  bodies  rather  than  in  the  study  of  volcanoes 
either  ancient   or   modern. 


•  Cf.  R.  A.  Daly.  op.  cit. 

t  N.    H.   WiNi'HELL.      I'Miial   n-port.    Minn.   Crt-ol.    Sur..   vol.   4,    lS9i>,   pp. 
619-22. 
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"Finally  the  fact  of  'consanguinity'  among  the  igneous  rocks  of 
a  petrographical  province  may  be  due  as  much  to  assimilation  as  to- 
dlfTerentiation." 

Mr.  Daly  has  certainly  added  an  important  chapter  to  the  lite^ 
ature  of  the  igneous  rocks.  The  reviewer  would  suggest  that  prob- 
ably the  hornblende  gabbro  of  the  Moyie  sill  is  itself  a  secondary 
rock,  differing  from  true  gabbro  in  the  same  direction  as  its  con- 
tact phases  differ  from  the  body  of  the  sill.  The  true  gabbro  of 
Minnesota  was  found  to  acquire  hornblende  and  quartz,  and  often 
orihoclase,  when  it  came  into  contact  or  contiguity  with  the  acid 
sedimenis  of  the  Animikie.  It  is  quite  possible  and  logical  to  sup- 
])ose  that  a  mass  of  true  gabbro  magma,  in  the  lapse  of  time,  lying 
beneath  the  earth's  crust,  or  perhaps  in  contact  with  the  lower 
part  of  the  quartzytts  discussed  by  Dr.  Daly,  would  suffer  such  endo- 
mcrphic  changes  on  a  grand  scale  as  to  afford  large  quantities  of 
hornblende-gabbro,  and  nothing  else,  in  case  of  later  intrusion  inta 
the   overlying  sediments.  n    h.  w 

Ln  Montiigne  Pclbe  et  ses  druptionSy  par     A    Lacroix.      Quarto,  650 

pages,  ;]()  plates.     Paris,  1904.  238  figures. 

This  work  is  published  by  the  Academy  of  Sciences,  under  the 
auspices  of  the  ministers  of  public  instruction  and  of  the  colonies. 

On  opening;  the  volume  the  reader  is  presented,  in  the  frontis- 
piece, with  a  heliograi)h  of  perhaps  the  most  wonderful  natural 
scene  ever  photographed  -the  "burning  cloud"  of  the  16th  of  De- 
cember, 11)02.  at  the  point  of  its  arrival  at  the  sea.  Its  hight,  as  it 
fades  away  and  breaks  into  the  air  above  was  4000  meters,  or  some- 
what more  than  13.(iO(i  fett.  Its  wedge-shaped,  boiling  front  seems 
to  roll  aloTTg  on  the  earth,  occupying  the  valley  of  the  stream.  At 
the  s(^a-lev(  1  its  foot  spurts  out  upon  the  water  somewhat  like  the 
advance  of  the  water  of  a  tninendous  comber  after  it  has  broken 
upon  the  Ixaeh.  Its  higher  portions  are  more  advanced  than  its 
fool,  but  tliroughout  its  front  its  convoluted  shape  is  marked  and 
prcsr;  vfd.  rciidcring  it  apparent  that  the  great  mass  is  as  distinct 
from  I  ho  atmospli^  rie  air  as  the  dark  thunder  clouds  of  mid  summer. 
Jt  is  only  in  ilie  rear  of  tlie  cloud  that  its  outlines  are  confused 
an<i  h)si.  Ortaiuly  no  similar  volcanic  phenomenon  was  ever  be- 
fore su  tiutlifully  and  so  vividly  reproduced.  Hovey  and  Heilprin 
have  i)iildisli«  d  ntinn  rons  oxcolh  nt  views  of  these  steam-ash  clouds 
tal<on  usually  fiom  n<  ar  rlu^  crater  and  showing  partially  the  won- 
dorfiil  eon  volutions  they  und»  rgo.  Laeroix's  photo  was  taken  from 
across  tin*  sea  l;v(  1.  and  includes  tho  entire  cloud  from  bottom  to 
top.  To  tht^  r)l»s(  rver  it  must  have  prr'sinted  a  sublime  and  por- 
tentous as|)(rt.  C)f  the  results  of  the  devastation  of  such  a  death- 
dealiug  cloufl,  the  dt  si  ruction  of  St.  Pit^rro.  ihe  author  says: 

".]'  ai  rapporie  une  impression  inotibliahle.  non  sculement  des 
I)henonH"''nes  grandioses  et  passionnants  auxquejs  j'  ai  assists,  mais 
encore  des  inforiunes  dont  j*  ai  6t6  le  tenioin,  des  si)ectacles  tragi- 
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ques  de  cette  campagne  de  six  mois,  de  ces  longues  chevauch^s 
dans  la  ville  d6truite  et  syr  cette  Montagne  Pel6e,  naguere  veritable 
Eden,  aujourd'  hut  terre  ravag6e,  couverte  d'  un  gris  linceul  de 
cendres,  qui  n'  6voque  plus  que  des  souvenirs  de  desolation  et  de 
mort!" 

The  barning  clouds,  and  the  dome  and  spine  formed  at  the 
crater  are,  according  to  Lacroix,  the  two  capital  new  facts  of  the 
great  eruption.  The  book  contains  a  great  many  new  things  of 
minor  importance,  and  new  discussions,  presented  in  the  inimitable 
and  clear  style  of  Lacroix,  but  the  treatment  of  those  dominating 
scientific  facts  in  vulcanism  gives  to  the  volume  a  unique  value. 
The  work  is  divided  into  three  parts,  not  including  a  bibliography 
of  the  geology  and  geography  of  the  volcanic  islands  of  the  West 
Indies,  beginning  in  1640  and  concluding  with  late  publications  con* 
suited  even  during  the  process  of  printing  of  the  volume.  The  first 
part  treats  not  only  of  the  physics  of  volcanic  activity  but  presents 
in  detail  the  facts  of  the  late  eruptions.  The  second  part  is  taken 
up  with  petrographic  discussion  of  the  ashes,  bombes,  lavas  and  all 
ejecta  of  the  present  and  of  past  eruptions  of  Martinique,  and  by 
a  comparison  of  these  with  similar  rocks  from  others  of  the  vol- 
canic  islands  of  the  East  Indies.  Part  three  is  devoted  to  certain 
minerals  and  rocks  produced  from  the  building  stones  and  some 
artificial  substances  by  the  burning  of  St.  Pierre. 

Part  1  contains  a  mass  of  descriptive  details,  with  numerous 
photographic  illustrations.  At  the  present  we  can  refer  specifically 
only  to  the  dome  and  the  burning  clouds.  As  to  the  former  the 
author  says:  "The  present  eruption  has  been  characterized  par- 
ticularly by  this  fact,  that  the  gaseous  emanations  and  the  ejection 
of  solid  matter  have  been  through  a  single  opening,  above  which 
was  built  up  rapidly  a  dome  of  andesyte  whence  thereafter  all  the 
explosive  phenomena  arose.  It  will  be  seen  later  that  this  dome 
did  not  present  a  permanent  yawning,  crater-like  opening  during  all 
the  time  that  I  studied  it.  If  it  had  one,  or  several,  during  the 
paroxysms,  which  is  quite  likely,  they  were  of  very  short  duration. 
There  is  then,  properly  speaking,  no  crater  of  the  present  eruption, 
in  the  sense  that  one  generally  gives  to  the  word  crater.  But  this* 
dome,  in  place  of  being  raised  from  any  point  of  the  volcanic  ground 
of  Mont  Pel^e,  has  ascended  from  the  depths  of  an  old  caldera,  from 
an  old  explosive  crater  which,  in  the  first  weeks  of  the  eruption, 
before  the  appearance  of  the  dome,  consequently  played  the  role  of 
a  veritable  crater.  In  fact  there  is  an  incasement  of  two  succes- 
sive volcanic  formations,  the  products  of  different  mechanism."  The 
author,  however,  applies  the  term  crater,  in  his  descriptions,  to 
that  part  of  the  old  caldera  which  has  not  yet  been  filled  by  the 
solid  mass  of* the  dome,  nor  by  the  pieces  that  become  detached 
from  it.     This  view  is  quite  different  from  that  entertained  by  ♦Heil- 

•  The  tower  of  Pel4e;  new  studies  of  the  great  volcano  of  Martinique. 
Anoblo  Hkilprin,  1904.  p.  34. 
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prin,  who  believes  that  the  spine,  or  tower,  consists  of  an  ancient 
core  or  plug  remaining  since  the  last  eruption,  now  dislodged  and 
thrust  upward  by  renewal  of  volcanic  activity.  Lacroix,  however. 
In  his  resume  et  conclusions,  (p.  643)  details  more  specifically  his 
theory  of  the  origination  of  the  celebrated  spine.    Thus: 

*'The  mechanism  of  the  production  of  domes,  which  are  com- 
posed principally  of  rocks  but  little  fusible  (rhyolytes,  trachytes, 
andesytes,  phonolytes)  in  so  maHy  regions,  remained  to  the  pres- 
ent vory  obscure,  no  direct  observation  having  as  yet  permitted 
the  following  of  the  steps  of  growth  of  this  kind  of  volcanic  moun- 
tain. Wo  know  now,  by  a  concrete  example,  how  such  a  dome  is 
produced.  The  molten  magma,  reaching  the  surface,  by 
means  of  some  fissure,  forms  there  a  mass  which  is  quickly 
surrounded  by  a  solid  shell.  This  carapace  not  only  pro- 
t(H'ts  the  interior  against  too  rapid  congelation  but  through  the 
fissures  formed  in  its  surface  by  contraction  exudes  a  frothy  lava 
which  adds,  according  to  the  internal  pressure,  intermittently  new 
quanfilies  of  molten  matter  to  the  exterior.  Thus  it  increases  in 
hi^lH  and  in  size,  a  constant  rocky  mass  bristling  with  asperities, 
bounded  by  abru|)t  walls  which  rise  in  the  midst  of  the  talus  of 
fallen  pit^crs  wliich  are  constantly  increased  by  superficial  crumb- 
ling. Materials  (^j(  ctod  by  the  paroxysms  of  activity  play  a  very 
insi|L;niHcant  role  and  often  take  no  part  in  the  constitution  of  such 
a  dome. 

"The  dome  thus  constructed  is  not  pierced  by  any  yawning 
oi)eninK.  permanent  as  a  crater,  but  the  paroxysmal  Explosions 
jn'oduce  in  it  r«  mporaiy  openings  which  are  again  rapidly  sealed. 
When  the  exfeiiial  sIh-II  Ix  comes  so  firm  that  it  cannot  longer  yield 
to  <  xi»an>i()n  in  all  dliMMions  the  internal  pressure  is  locally  effec- 
fi\«'  nf  a  liiiii:  «1  niinil;»  i  «;•'  !)(:inis,  producing  then  the  extrusion  of 
solid  ioek>-  iiia.--M^  whicli  ii:a>  ris«'  as  if  drawn  through  framed 
(.lific  .-.  fr.i  ii!:i!!;  iii««ll-  >  wliieli  iiia>'  i'«ach  the  bight  of  several  hun- 
<l.<.:  '■<■'.  in  •':•  ni;i:!!i;  i-  (;!"  \h\\\  wiiose  birth  and  growth  I  wlt- 
ii-  --• 'i  .'!■  I  •  \;  I  :ii!<-(l  <i:i:  i»\-  (!a\  dnrin^'  .several  months.  In  the 
<''>ii  -.•  .  1  ;.  .  i!!'j1i  .  iMp'irn  !ln'  |>()iiit  ()f  conccntratiou  of  effective 
i'i«  ■>  I.-  '■■■I  '•  <ii^i'l.ic  •!.  lorininu  thus  snccessive  spines,  varying 
ill   I'll  lii    .lii',<-:'    ,"ii.-.  ;ini|   ii'i^it ion." 

Tli<  d' sn  lie  i\ '•  a:--.- ir  of  th<'  fi'upiion.  the  nuees'  ardentes,  aie 
r.  L.n-;.  d  ;•-  '  !i  •  !'.-i!l:  (•:  <  \id(;.-d<\'i  i.s'^uin.i;  from  the  flanks  of  the 
d'-.iiK  .  ;ii  Mon'  T'  ;•''•  .  ii:;i  i.miii  Hh-  "i--'*!]!  of  tlie  open  crater  at  Saint 
\'iiie<TM.  'I  |i'"  <\,d(:>i.iii  !uini-.lu-d  Ml  '.^normous  mass  of  gas  and 
w.ii.'i-  Njipor.  11  1.  ;i>.<-d  i;i|.jdl\'  on  M  ;i"diin.Li  iln-  atmosphere,  carrying 
;il<i:;i:  .i  roTi-i.j.  i-aldr  <i'.i;inii!y  n\  solid  iii:i't»'i-  of  all  forms.  Instead 
of  li'iii;j  ahviix-  iiiojccicd  vcriicall.v  ilii>"  clonds  roll  with  great 
s\viiincs.->  dowii  liif  sl()|Hs  of  the  nioiinii>in.  In  the  case  of  feeble 
II  Mpt  ioiis  .L;;avii>  has  a  drlrrminini:  intliienc"  n|)on  their  course, 
hui  in  .meat  |tai'oxysms  tliey  ai'e  mo\rd  mon-  rapi<lly,  due  to  the 
accuinulaf*  (i  action  of  the  initial   projecttion  and  of  gravity  acting 
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In  the  same  direction.  At  Mont  Pel63  the  position  of  the  orifice 
of  escape  of  these  gases  had  a  preponderating  influence  on  their 
direction. 

*'These  clouds,  possessing  at  their  starting  a  high  temperature 
which  becomes  slowly  lessened,  have  a  considerable  mechanical  and 
calorific  force,  which  explains  the  complete  annihilation  of  a  large 
city  and  its  inhabitants,  as  well  as  the  extension  of  the  destructive 
effects  to  the  distance  of  ten  kilometers  from  their  point  of  origin." 

The  scientific  world  is  under  obligation  no  more  to  the  French 
republic  than  to  the  French  savant  for  this  grand  and  most  satis- 
fcatory  treatise.  n    h    w. 

Minerals  in  rock  sections;  the  practical  methods  of  determining  min- 
eraJs  in  rock  sections  with  the  microscope,  especially  arranged 
tor  students  in  technical  and  scientific  schools.  Lea  McIlvaink 
LuyuER,  Adjunct  professor  of  mineralogy,  Columbia  University, 
New  York  City,  Revised  edition.  New  York,  D.  Van  Nostrand 
Company,  1905.     147  pages,  |1.50  net. 

This  revision  of  a  useful  and  well-known  text  book  has  been 
improved  by  an  enlargement  of  that  part  relating  to  the  determina* 
tion  of  the  plagioclases,  by  the  explanation  and.  illustration  of  the 
Becke  method  of  relative  refraction  in  contiguous  minerals,  and  by 
many  additions  in  chapters  I,  III  and  IV;  also  by  tables  of  refrac- 
tive indices,  of  double  refraction,  and  a  diagram  showing  the  rela- 
tion between  strength  of  double  refraction,  interference  colors  and 
thickness  of  section,  the  last  being  an  adaptation  from  Michel  Levy's 
color  scheme  of  double  refraction  accompanying  Min*rnux  des 
Roches    by  L6vy  and  Lacroix.  N.  H.  W. 

Geology  of  Western  Ore  Deposits.  Arthur  Lakks,  late  profosso?* 
of  geology  at  the  Colorado  School  of  Mines;  New  Edition,  en- 
tirely rewritten  and  enlarged,  with  300  illustrations,  488  pages. 
Kendrick  Book  and  Stationery  Company,  E>enver.  Colo.,  $2.50, 
postpaid. 

Colorado  has  the  chief  share  in  this  work,  although  its  descrip- 
tions range  from  Alasi^a  southward.  It  is  well  illustrated,  frequent- 
ly by  sketches  by  the  author,  and  its  statements  are  correct  and 
clear.  The  extended  acquaintance  of  the  author  with  the  nifning 
and  methods  of  the  Rocky  mountain  region  has  contributed  a  large 
share  to  the  contents  of  this  bonk  though  it  is  still  largely,  and  nec- 
essarily, a  compilation  from  other  authorities — Kmnions.  Spurr, 
Weed.  Van  Hise.  Kmip  and  others.  The  book  cannot  fall  to  be 
of  great  usefulness  to  the  niinin.i;  industry  of  the  west.     N.  II.  \V. 

I 

Grandziige    dvr    (ic>^t<  Itjskutnlc:    1    1  vih    Alluviiwitic  (hstcinskundc    als 

Grundslage  dc  Ocoh^jric.   hKs-^v  \\  ki\v.  mknk.     mif  47  Textfiguren 

und  3  Tafln.     St'itcn  1«',:;,  llnni.  4  marks.     Frriburj;.  Wein.  Strass- 
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burg,  MUnchen,  St.  Louis,  Mo.,  H.  Herder:  11  Teil,  Spexielk.  Gt- 
stdnskunde  mit  besonderer  Beriisicbtignng  der  geologiscbtn 
Vcrb&Unisse,  mit  133  Textfiguren  und  8  Tafeln.  Seiten  381, 
1905,  9  marks,  Freiburg,  Wien,  Strassburg,  Mflnchen  und  St 
Louis,  Mo.,  B.  Herder. 

These  volumes  are  comparisons  of  the  same  author's  Gesteina- 
bildenen  Mineral  ten  a- id  Anleitnng  zum  Gebraucb  des  Polarisations' 
mikroskops  which  are  well  known  petrographical  text  books.  To- 
gether they  constitute  a  series  by  a  single  author  covering  the 
whole  field  of  lithology.  It  is  sometimes  an  advantage  to  a  student 
after  he  has  become  familiar  with  the  terms  and  usages  of  an  author 
to  be  able  to  transfer  his  attention  to  another  branch  of  the  science 
without  the  necessity  of  acquiring  the  ready  use  of  a  lot  of  new 
terms. 

Part  L  contains  a  resum6  of  the  known  distribution  and  mise 
en  place  of  the  different  kinds  of  rock  masses.  It  has  little  to  do 
with  the  composition  of  rocks,  but  describes  vulcanism  and  the 
forms  of  rock  masses  it  produces,  the  first  crust  of  the  earth  and 
the  crystalline  schists,  magmatic  differences,  rock-weathering,  de- 
nudation, nature  and  distribution  of  sediments,  eoli&n  and  alluvial 
deposits,  marine  sediments,  glacial  deposits,  metamorphism,  its 
agents,  and  its  products,  both  contact  and  regional,  and  all  forms 
of  rock  structures.    It  has  a  full  and  useful  index. 

Part  II.  treats  of  rock  species,  going  through  the  whole  gamut 
from  granite  and  gabbro  to  the  sedimentary  rocks  whether  mechan- 
ical, ehoniical  or  organic,  with  a  good  index.  A  special  chapter  is 
devoted  to  the  crystalline  schists. 

Both  these  parts  are  well  illustrated  with  half-tones  from  pho- 
tographs. The  German  is  simple  and  easily  read  by  a  novice  in  that 
language.  The  work  is  distinctively  a  German  production,  with  little 
reference  to  English  and  French  literature.  n.  h.  w. 

Struct iirni  und  J-^ielil  Cicnlo^y.  Jamhs  (iRiKiK  Murchison,  professor  of 
(leology  and  Mineralogy  in  the  University  of  Bdinburg,  for 
students  of  pure  and  applied  science.  New  York.  D.  Van  Nos- 
trand  Company.  I0or>,  pp.  435.  56  plates  and  142  illustrations  in 
the  text.     $1.00.  net. 

This  book  is  remarkable  for  two  things — It  has  no  references  to 
authorities,  and  it  does  not  touch  on  paleontology.  It  is  what  its 
title  implies — structural  and  field  geology — yet  some  might  query 
whether  it  would  have  been,  under  that  title,  as  reasonable  to  omit 
all  reference  to  the  mineral  composition  of  rocks  as  all  reference  to 
their  organic  contents.  Still,  it  is  plain  that  the  author  had  an 
idea,  which  he  has  tried  to  exemplify  in  his  work.  It  is,  further, 
very  reasonable  that  a  Scotch  text-book  on  geology  should  reflect 
the  dominant  geological  features  of  Scotland,  and  these  certainly  are 
not  paleontologic.  The  illustrations  are  also  taken  from  Scotch 
geology. 
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There  are  two  other  features  which  this  book  possesses  which 
give  it  a  unique  character.  These  consist  of  detailed  directions  for 
geological  surveying,  i.  e.,-  the  bow  and  what  to  observe,  and  the 
methods  of  making  maps  and  sections.  These  are  essential  to  the 
equipment  of  a  field  geologist.  It  is  necessar}-  that  the  field  geolo- 
gist be  expert  in  interpreting  and  expressing  the  significance  of  the 
topographic  features.  In  the  chapter  on  the  "Economic  aspects  of 
Geological  Structure"  is  a  thorough  discussion  of  underground  water. 

"This  handbook  addresses  itself/'  as  the  author  states  in  the 
preface,  "in  the  first  place  to  beginners  in  field  geology,  but  I  hope 
it  may  be  found  useful  also  to  students  who  are  preparing  for  pro- 
fessions in  which  some  knowledge  of  Structural  Geology  is  of  prac- 
tical importance."  It  is  not  therefore  a  handbook  for  the  experi- 
enced geologist,  dealing  with  geological  problems,  and  investiga- 
tions up  to  date.  It  only  summarises  the  recognized  fundamentals  of 
geology.  N.  H.  W. 

Economic  Geology  of  the  United  States^  Heinrich  Ries,  Asst.  Pro- 
fessor of  Economic  Geology  at  Cornell  University,  pp.  xxi,  435; 
plates  2G;  fig.  97.  The  Macmillan  Company,  New  York,  1905. 
Price  $2.60,  net. 

This  work,  which  is  intended  to  serve  as  an  elementary  text- 
book for  students  of  economic  geology,  treats  of  the  mode  of  occur- 
rence, distribution  and  uses  of  both  the  non-metallic  and  the  metallic 
minerals  and  rocks  in  the  United  States  which  are  of  economic  value. 
The  book  is  divided  into  two  parts:  Part  I.  treating  the  non- 
metallic  minerals,  and  Part  II.  the  metallic  minerals.  This  arrange- 
ment, which  is  perhaps  different  from  that  usually  followed,  has 
been  adopted,  because  the  non-metallic  minerals  produced  annually 
have  a  greater  aggregate  value,  and  also  for  the  reason  that  this 
line  of  discussion  leads  from  the  simpler  to  the  more  difficult  part 
of  the  subject 

Although  an  elementary  work,  the  book  contains  also  extensive 
lists  of  reference  so  that  those  desiring  to  pursue  the  subject  further 
can  do  so.  These  references  are  grouped  at  the  end  of  each  chapter 
where  they  can  be  easily  referred  to  by  those  needing  them,  but  at 
the  same  time,  by  this  arrangement  they  take  up  but  little  space  in 
the  book. 

In  treating  each  mineral  the  aim  has  been  to  discuss  its  general 
characters  and  economic  value,  followed  by  a  description  of  a  few 
localities  which  are  of  importance  or  may  serve  as  types,  rather 
than  to  give  a  mass  of  detailed  descriptions,  which  often  tend 
simply  to  confuse  the  student. 

The  difficult  task  of  presenting  in  one  volume  of  moderate  size 
a  description  of  the  mineral  resources  of  the  United  States,  and  of 
allotting  to  each  subject  the  proper  amount  of  attention,  has  been 
unusually  well  performed.  The  space  given  to  non-metallic  min- 
erals covers  215  pages,  while  194  pages  are  devoted  to  metallic  ores 
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and  minerals.  The  value  of  the  hook  for  reference  is  greatly  en- 
hanced by  a  good  index.  The  authorities  quoted  are  up  to  date, 
and  chosen  with  discrimination. 

A  work  of  this  nature  will  probably  never  be  entirely  free  from 
inaccuracies.  As  an  indication  of  conscientious  work  on  the  part 
of  the  reviewer  and  for  the  correction  of  .future  editions  it  may  be 
well  to  call  attention  to  a  few  slips:  Thus,  corundum  is  not  really, 
next  to  diamond,  "the  hardest  abrasive  known"  (p.  163).  An  im- 
portant use  for  sulphur  not  mentioned  (p.  198)  is  in  the  manufacture 
of  paper;  and  zinc  is  largely  used  in  the  cyanide  process  of  gold  ex- 
traction (p.  '.]2i)).  Fault  planes  and  sheer  zones  can  hardly  be 
called  "cavities"  (p.  231),  although  they  may  permit  the  circulation 
of  waters  underground.  This  idea  resembles  the  old  notion  that 
"fissure  veins"  were  once  open,  empty  cracks  of  indefinite  vertical 
and  horizontal  extent.  It  is  also  true  that  "crustiflcatibn"  is  often 
obs<Mved  in  veins  which  are  not  "formed  by  the  simple  filling  of  a 
tissun'"   n>.  -:'''•». 

T«'lluri(les  are  not  "unknown,"  but  are  often  found  at  the  con- 
tact of  granitic  intrusions  and  calcareous  rocks  (p.  235). 

The  "apex"  of  a  vein  may  not  "outcrop"at  all  (p.  238).  "Ore 
bddies  lacking  in  iron  pyrites,"  but  composed  of  chalcopyrlte  do 
sonietinK  s  show  secondary  enrichment  (p.  245).  Some  blast  fur- 
naces now  use  more  than  75%  of  Mesabi  ores  in  their  charge  (p. 
20")):  and  tln^  greater  value  of  hematite  ore  is  not  due  so  much  to 
its  proximity  to  theoreticral  purity  as  to  the  readiness  with  which 
it  is  reduced  by  carbonaceous  fuel  as  compared  with  magnetite  (p. 

!■••'..    f   . 

Altered  coiM)er  ores  are  not  usually  more  cheaply  treated  than 
siiliiliide  ores,  and  chalco|)yrite  is  not  commonly  considered  a  sec- 

onrlary  oie  ( j).  i^l  ). 

The  lar.ue  coiipei-  mines  at  liutte  are  from  2000  to  2500  feet  deep 
inst»'a(l  of  Incin  to  1  ."►«)(»  and  the  vertical  limit  of  the  silver  ore  was 
deteriiiiiietl  lon;^  l)efore  tlje  silvJM*  mines  reached  the  depth  of  1400 
fee  t  (ji.  L'sti).  Doimhiss  Housliton  was  an  "A.  B."  and  "M.  D."  and 
a  ui  olouisi.  hni  it  is  novel  lo  liear  liim  called  "a  mining  engineer" 
(p.  ijsT).  CoppM-  in  the  Lake  Snperior  region  is  seldom  if  ever 
"Kliiie.i  .  1' ctrolytically"   (p.  LMhm. 

Snlpliide  of  ^oM  is  certainly  a  laiity  (j).  329);  but  so  are  really 
weli-li;i];inc'  d  works  on  <  conomic  ii«  ology  in  general.  And  the  con- 
clusion should  not  h(^  <^ra\vn  from  the  above  series  of  minor  correc- 
tions and  su.^Lirsiions  that  this  is  not  a  very  valuable  and  useful 
addition  to  out-  lirerarni'e  on  the  subject  which  it  treats.  Necessa- 
rily (ondensed.  it  \  et  covtM's  {ho  i^iound  in  a  thorough  and  authori- 
tative manner  and  will  ho  used  hy  many  as  the  most  satisfactory 
1«  \r  hook  available.  H.  V.  W. 
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NORTON,  W.  H. 

Water  supplies  at  Waterloo,  Iowa.  (Wat.  Sup.  Ir.  Pap.,  145,. 
pp.  148-155,  1905.) 

PURDUE,  A.  H. 

Water  resources  of  the  Winslow  quadrangle,  Arkansas.  (Wat. 
Sup.  Ir.  Pap.,  145,  84-87,  1905.) 

PURDUE,  A.  H. 

Water  resources  of  the  contact  region  between  the  Paleozoic 
and  Mississippi  embayment  deposits  in  northern  Arkansas.  (Wat. 
Sup.  Ir.  Pap.,  145,  pp.  88-119,  1905.) 

RAN80ME,   F.   L.    (See    LINDGREN,   W.) 

RAN80ME,  F.  L. 

The  present  standing  of  applied  geology.  (Bcon.  Gteol.,  vol.  1, 
pp.  1-10,  Oct.-Nov.,  1905.) 

SCHNEIDER,  P.  F. 

Preliminary  note  on  some  overthrust  faults  in  central  New 
York.     (Am.  Jour.  Sci.,  vol.  22,  pp.  308-811,  October,  1905.) 

SINCLAIR,  W.  J. 

New  mammalia  from  the  Quaternary  caves  of  California. 
(Bull.  GeoL,  Univ.  Cal.,  vol.  4,  pp.  145-161,  pis.  19-23,  July,  1905.) 

SMITH,  GEO.  O. 

Water  supply  from  Glacial  gravels  near  Augusta,  Maine.  (WaL 
Sup.  Ir.  Pap.,  145,  pp.  156-160,  1905.) 

SMITH,  GEO.  O. 

Water  resources  of  the  Portsmouth- York  region,  New  Hamp- 
shire and  Maine.     (Wat.  Sup.  Ir.  Pap.,  145,  pp.  120-128,  19Q5.) 

SMITH,  W.  S.  TANGIER. 

Water  resources  of  the  Joplin  district,  Missouri-Kansas.  (Wat. 
Sup.  Ir.  Pap.,  145,  pp.  74-83,  1905.) 

SPURR,  J.  E. 

Geology  of  the  Tonopah  mining  district,  Nevada.  U.  S.  GteoL 
Sur.,  Prof.  Pap.  42,  pp.  295,  pis.  24,  1905. 

STOSE,  G.  W.   (and  G.  C.  MARTIN).  . 

Water  resources  of  the  Pawpaw  and  Hancock  quadrangle.  West 
Virginia.  Maryland  and  Pennsylvania.  (Wat.  Sup.  Ir.  Pap.,  145» 
pp.  58-63,  1905.) 

SULLIVAN,  E.  C. 

The  chemistry  of  ore-deposition;  precipitation  of  copper  by 
natural  silicates.     (Econ.  Geol.,  vol.  1,  pp.  67-73,  Oct-Nov.,  1905.) 
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TAYLOR,  THOMAS   U. 

The  water  i)ower8  of  Texas.    Wat.  Sup.  Ir.  Pap.,  105,  pp.  116, 
pis.    17.   1905. 

ULRICH.   E.   O.    (See   BAIN,   H.   F.) 

WEED,  W.  H. 

Notes  on  certain   hot  springs  of  the  southern  United   States. 
(Wat.  Sup.  Ir.  Pap..  145,  pp.  185-206,  1905.) 

WRIGHT,  F.  E. 

Determining  of  the  optical  character  of  birefractlng  minerals. 
(Am.  Jour.  Sci.,  vol.  22,  pp.  285-2196,  October,  1905.) 


CORRESPONDENCE 


TWv)  (/A'njoN'iFE<o  s  (Jk\era. — I  notice  that  two  generic  names 
appear  to  b^^  in  use  for  Carboniferous  fossils  (c  f.  Weller,  Bibl.  In- 
dex. X.  Am.  Carb.  Invert.)   are  homonyms,  and  untenable. 

(1)  Microdon,  Conrad,  1S42  (MoUusca) ;  not  Microdot!,  Melgen, 
I80:}.  The  name  Cypricardelht,  Hall,  is  available.  The  species 
(following  Wellor)  will  stand  as  CrpricardeUa  bellistn'ata  (Conrad), 
C.  connnt/i  (W  •  cott).  C\  tHiptica  (  ^hitliold),  C.  eximia.  M  lUr  & 
liurley  C.  ^orbyi  Miller,  C  nucleata  Hall,  C.  ohlonga  Hal,  C 
qundr:itn\\\M  ^  cV:  Wbitfi'dd  C.  rcscrvata  (Hal.).  C  subeUiptica 
Hall. 

(2i  I'rcsi  wi'cljin.  Woodward.  ISii?  (Crustacea);  not  Prestwichia, 
Lnlibork.  \^-v.\.  'Hie  nanir  I:ui)r<)oj}s,  Meek,  is  available  for  this 
g<'nii<.  Tip-  sn.'c-M  s  ar«-  /;.  cnllctii  While,  E.  danae  (M.  &  W.), 
a'  d    /:.   !oiiL-i^ptn:i      ^:;(•l^:l^(I. 

Goiiiodoti,  ll<  riiclv.  js^s  (Mollusca),  would  be  rejected  by  those 
will)  I'-jr*  f'  'i  Cil  nil  I  l,)!i  iMcauso  of  Cnlnmodas  (of  Palmer,  Index 
Clrii' Mini  iiKiii'iii.-iliiiiii.  |i.  l.")i).  ;is  (roiiioilus,  in  fishes,  is  of  course 
niu<-h  cjirljt  r.  'I'his.  hmv-^vi-r,  is  an  txfn'nie  view,  hardly  likely 
to  !-i'\;:il.  I:i  il;'.  l:iiU\  :o«tlni:icii>  ll'-rrick's  (ioniodonis  omitted, 
bu:  :li.i.-  :-  r]',i\  .1  <r,>iii(,(j.,n,  j^-rricr.  in  Echinoderms,  without 
<l:i!'  .     n-  f.  :i:-^^(,  (;!(  L'.)!\.  in  liailn'r,  Ti.  .iM.-c  on  Zoology,  part  iii,  p. 

2:,.\.>  T.   D     A.  OOCKERELL. 

/  ;'/\'t7v,M"  nt  Culormlit.  I'dililtr.  Coin. 
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PERSONAL  AND  SCIENTIFIC  NEWS. 


Mr.  Edward  H.  Berry,  paleobotanist^and  secretary  of 
the  Torrey  Botanical  Club,  is  engaged  in  studying  the  fossil 
flora  of  Maryland  for  the  Geological  Siirvey  of  that  state. 
His  address  is  "Geological  Survey,  Johns  Hopkins  Uni- 
versity, Baltimore,  Md." 

Dr.  W.  B.  Dawson,  brother  of  the  late  Dr.  Geo.  M. 
Dawson,  is  making  a  tidal  survey  of  the  Pacific  coast  of 
Canada. 

Dr.  Robert  Bell,  is  making  a  trip  via  Skagway  to  Daw- 
son, in  Yukon  territory. 

Dr  Joseph  Hyde  F^ratt,  of  the  North  Carolina  Geo- 
logical Survey,  is  on  an  extended  trip  in  Arizona  and  Mon- 
tana, examining  mining  properties. 

At  Harvard  University  Messrs.  R.  Kent  and  H.  N. 
Eaton  have  been  ap])ointed  assistants  in  geolog}\ 

The  Next  Meetingof  the  American  Association  for 
tjie  Advancment  of  Science  will  be  held  at  New  Orleans. 
It  has  been  ascertained  by  the  permanent  secretary  that  by 
Dec.  29.  in  the  judgment  of  public  health  and  hospital  of- 
ficials, all  danger  from  yellow  fever  will  have  disappeared. 

Massachusetts  Institute  of  Technology — It  has  been 
decided  by  the  corporation  of  the  Institute  that  the  plans 
entertained  for  some  time  past  for  the  consolidation,  or  "co- 
operation" of  the  Institute  with  Harvard  University,  have 
to  be  abandoned,  owing  to  the  late  decision  of  the  supreme 
court  relative  to  the  land  on  Boylston  street.  In  a  circular 
lately  issued  bv  Vvki<s.  H.  S.  Pritchett  the  friends  Qf  the  In- 
stitute are  invited  to  hearty  coo])oration  in  its  future  up- 
building. 

Dr.  H.  \V.  I^'airhanks  of  IWrkeley.  California,  recently 
mad<?  a  horseback  trij)  with  his  wife  and  little  daughter, 
from  the  Dalles  in  ( )regon  to  San  I^'rancisco,  passing  over 
the  highest  ranges  of  the  Sierra  mountains,  incurring  many 
of  the  hardshi|)s  and  perils  of  cam])  life.  It  was  for  photo- 
gra])hing  the  to])ogra|)hic  and  geologic  features  pre])aratory 
to  a  new  work  on  which  he  is  engaged. 

Weight  of  1^rom.osauri's.  IVom  measurements  and 
estimates  made  at  Columbia  ['niversity  by  Prof.  William 
Ilallock  and  W.  K.  Gregory,  u])on  a  restoration  of  Bronto- 
saurus  excelsus  made  by  Charles  R.  F\night,  the  saurian 
was  found  to  have  had  a  weight  «»f  about  38  tons.  The 
mounted  skeleton,  at  the  Ameriean  Mnsetim  uf  Xatural  His- 
tory, is  6('>  feet  7  inches  long. 

Dr.  C.  R.  |.  Lailami:.  president  of  the  Roval  Sf)cietv 
of  Canada  has  been  apjiointed  by  the  international  water- 
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ways  commission  to  make  a  report  upon  the  tecession  of 
the  Canadian  side  of  Niagara  falls. 

^•Economic  Geology"  is  a  new  semi-quarterly  journal 
devoted  to  geology  as  applied  to  mining  and  allied  indus- 
tries, the  editor  of  which  is  Prof.  John  Duer  Irving,  Lehigfa 
University,  South  Bethlehem,  Pa.  Its  first  number  is  dated 
October- November,  1905.  It  is  an  octavo  of  100  pages. 
Associate  editors  are  Waldemar  Lindgren,  James  Furman 
Kemp,  Frederick  Leslie  Ransome,  Heinrich  Ries,  Marius  R. 
Campbell  and  Charles  Kenneth  Leith. 

A  MKKTING  OF  THE  MEMBERS  OF  THE  DIVISION  OF  HYDROL- 
OGY of  the  United  States  Geological  Survey  who  are  en- 
Pfagcd  in  the  artesian  water  and  related  geologic  investiga- 
tions was  held  in  Washington  Saturday,  December  9th,  for 
the  purpose  of  organizing  a  society  for  the  discussion  of 
problems  relating  to  underground  waters  and  methods  of 
increasing  the  efficiency  and  economic  value  of  investiga- 
tions. Among  those  attending  the  meeting  were  F.  H. 
Xewell,  Chief  Engineer  of  the  Geological  Survey,  and  offic- 
ials and  members  of  the  division  of  hydrology.  The  forma- 
tion of  the  new  society  was  decided  upon,  but  the  details 
of  organization  were  left  to  a  future  meeting. 

I'nK  Havdkn  Memorial  Gold  Medal  was  awarded 
X(»veml)er  7  by  the  Academy  of  Natural  Sciences  of  Phila- 
delphia to  Dr.  C-  D.  Walcott  Director  of  the  United  States 
Gefjlop^ical  Survey. 

1)k.  C.  M.  Gordon,  lately  of  the  New  Mexico  School 
of  Mines,  is  ()ccu])ied  in  the  study  of  the  geology  and  the 
ore  de])osits  of  certain  districts  in  New  Mexico  for  the 
United  States  (ieoloj^nral  Siirv<'V. 

Ihk  l^KiHTKKNrn  \\'iNTiu<  MEETING  of  the  Geological 
S(>ciety  of  Anu'rica  will  be  held  at  Ottawa,  Can.,  Dec.  27-29, 
[^;05.     'i1u-  President  is  professor  R.  Pumpolly- 


ERRATA  FOR  VOLUME  XXXV. 

Th.-  jil.iH'  f'Mciim-  pa^,'«-  10  1  .-honid  ])♦•  ninnbcred  x.  Page  245,  line  6 
from  tin-  l)')tt<ni:.  for  "insp»i'n«iii"  i-i-ad  instruction.  Pago  404,  line  4  from 
tin    botK'Tii.  fur  .\xxiv  riaci  xx.vv.     Paj^i.'  -SG,  line  18,  for  "they"  read  three. 


ERRATA  FOR  VOLUME  XXXVI. 

\\\^c.  187.  lino  Cl'  for  "\V.  U."  read  G.  R  M.  Page  250,  in  the  "Edi- 
torial (Toninicnt"  all  r<'f«T< nrcs  to  the  i»ljit«-  sliould  read  plate  xlii  instead 
of  "r»lnto  xvi,"  and  tin-  tiilv  should  read  \Villam«.tte  Instead  of  "Willlam- 
«;tto." 


W^ 


\MI:RirA\    CHOLOCIST 


I)I{c:iiMHI':r,  iqd= 

J)iiL\v  fhr  rtiifom's    f-XXXJ'/. 


1/ 


Kx PLANA  rn)N.     Tlierc  are  general   hculs   under 
grou])ecl.  \  i/:  Cretaceous,  bibli«t^rapliN ,  jiet)l()^y,  etc. 
minerals  art-  (.livided  ini<»  two  gr<»u|:)S,  vi/:    those   refe 
spL-cies.  generally  "rex  icwed",  and  those  relating  to   c 
aspects.     In  the  former  L;roui»  the  authors'  names  arc- 
latter  they  are.     "I'«issils"  are  also  (1:\  ided   into  two  ;. 
tologic.il  p.ipers  "reviewed",  and  i)apers   consisting  i 
tions  of  si»e(ics. 

In  all  cases  the  arrangement    of  titles  under  tin 
under  the  Liroupi?,  is  cliron«.)logical  and  ntu  alphabe. 

The  index  is  not  an  ali>h.d)elical  (-ne.  with   ma. 
but.  under  a  general  alphabetical  regimen  it  is  gco 
(•logical.     SubiC(  ts  relating  t"  each    state  are  grou] 
of  t.ie  state:  but  all  the  Ciuadian    states,   includii.- 
listed  under  the  head  of  "C'anada"'. 

AnBKi.\iA  1  i<>N>.         iab<)    -abstract:       lAm. 
An:i  •  ii  an  «••  Muuiittee     at  ihi-    Iiiteriiai :< -iial    Cony 
:\'.c    Loim!'-:)   >e''>i"n,  i^-S;-'; 'cit .  i     cited:    .rev.)-- 
niarr;:    (p.>.  ii.'      ] 'ei  soiiaN-r  ^cieL^ilh-  lii-te;    (i 
ir.t'iil ,     ■  i'it. )     ol  'iluarx'  ii'  'tit  i  . 
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XX,  276; 

xxvi,  i; 

Canada, 

Billings, 

of  u.   M. 

int»s   and 
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.xlx,     Ib^', 
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ision    in    the 
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•jmpany  (p.s.n.), 

Van  Hise.  (abs.) 

upper    Devonian 
>hio,  E.  W.  Ciay- 

.   River  system   of 
•rnia   cubsj.   xxvii, 

.  Report  on  the  wa- 
Georgia  (rev.>,  xxil, 

Om  Oliindska  ran- 

xvli,    55:    Cambrische 

•■   phosi)horit  fulmnde 

■15     Schwcnlen     (r«.'V. ). 

tta    C,   Lii>i    of    Ma^:- 
Mnmmoth     remains 
yl,  258. 

.   V.  ip.s.n.),  xxxv,  2G1. 

ial  action    in    Austral- 

I.  Hitchcock,   xxili,  2b2. 

■  beaches  on  the  islands 

lan    bay,     F.    M.     Com- 

<iii,  312. 

i:r  deposits  of  the  Spring 

.icy    in    Kansas.     O.     ii. 

xvll,  37. 

.•^Icunic    rocks    of    Suuth 

.n   (rev.).  F.  liascom,  xix, 

s  of  the  Aroosiuok  volcan- 
:  of  Maine  (rev.;,  H.  E. 
\.  XXV,  175. 

before      man     in      North 
!;i,  F.  A.  Lucas  (ix-v.),  xxx, 

3.    William.    Thf    UiiiUirnal 
y  of  the  K:irtii    ut  v.i,    xxv. 

.vs,   E.   C,   Lirnt'Sti'iien   cif  the 
..-lands  (rov. ),  xxvil,  liTih. 
*vs,    C.    W.,    Itm  nlly    disoov- 
fxiinct      vi'i'i' l.tr.ii<>      fii-m 
;«t    i.r«-v. »,    xxviii,    'i^\i. 
ews,   Edmund,  5?ki  toll  of  w..-rk 

n.),  xxxiil,  201. 
.iikie  Bhtck  Sl:it«.-s  and  c^'uartz- 
.  s.   equivalent   to   the   Humnian 
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Age  and  origin  of  pold  deposits  of 
the  isthmus  of  Panama,  O.  H. 
Hershoy,    xxiv,   73. 

Agncstus  levijjatus  Wallerlus  (rev.) 
xvli.    4!». 

Apno^^•l8  X.  Amorlcnn  species  of, 
A.   \V.    Vogdes.    Ix,   377. 

Aguilera,  J.  G.,  Fauna  fosii  de  la 
Sierra  de  Catorce  San  Luis  Pu- 
t<»sl  (Tf-v.)  xvl.  313;  (and  Ordon- 
yez),  Expedicion  Cientiflca  al 
Popttcatapeti.  (abs.),  .xvli,  330. 
Geolnpicai  Survey  of  Mexico 
(rev.).  XX,  1S4:  Discovery  of  the 
r*acubiri!n    metoorile,    xxxlii,    2»^7. 

Aid  to  the  investigator  and  general 
ptiid«'iJl.  An  important.  (ed. 
com.),  xlx,  209. 

Akron,  Ohio.  Subterranean  com- 
motion.  K.  W.  Clay  pole.  I,  190. 

Alabama,  Eocene  (Am.  Com.).  II, 
270;  Tertiary  and  Cretaceous 
«n'v  ),  iv,  ISS;  Warrior  coal  field; 
Frazer,  vll,  305;  Geol.  Sur.,  (p. 
s.n.).  vil.  269;  Northeastern, 
Hayes  (ftv.)  x,  322;  Beryl  (p. 
s.n.).  X,  3:iS;  Cot.sa  valKy:  C.  W. 
Hay.'s  (abs.)  xill,  142;  Geological 
niMp.  (rev.),  rv.  r>s;  Geol.  snr.. 
coastal  plain  (rev.),  xv,  266; 
Coosa  cnn\  field,  Oihson  (rev.), 
xvl.  i''".i»;  iron  niaking.  W.  B. 
I'hillii»s  (rev.)  xxill,32^;New  me- 
teoric iron  (rev.),  xxiv,  319;  Geol. 
Sur.,  Warrior  co;il  hnsain.  Mr-t^al- 
ley  (rev.),  xxvl,  61;  Index  to 
miiT-ral  r'^sources.  McCalloy  (rev.) 
XXXiV,    !!>.'>. 

Alabama  Indust.  and  Sci.  Soc.  (p. 
s.n.),   vll,   71. 

Alaska  r,lnri<>rs,  W.  P.  Blake  and 
G.  F.  Wright  (clt.)  Iv,  03;  Mi- 
cro.«f'opir  rharact«'r  of  the  ore  of 
the  Troadwell  mine,  Adams,  Iv. 
««5:  Mt.  52t  E'*as.  Ruspell  and 
Yukon  vall«»y.  Have.'*,  labs.).  Iv, 
L'l»i:  Icf  U!;(l«^r  tiJM.lra.  Kii.s.^*-!! 
<p..'^.n.i.  vl  325;  Too  cliffs  on  the 
Kow;il;  rlvor,  Cant\v<»n,  vl,  51; 
Explorations  in,  Anon,  vll,  33; 
Miiir  trl.at'i'^r.  H.  }'.  Cu.'^iiin^.  viii, 
207;  I)itto.  n.  F.  Wricht.  viii. 
3^0;  I'ri>.ylnfr  islind.-:,  S.  Brown 
<rrv.)  Ix,  217;  Aln.-^ka.  J«)hn  Muir. 
xi.  11^7;  Physical  .t;t'->i:raphy  C'f. 
i:ii.«s«ll  (rev.)  xiv,  331;  Geology 
■.{  Cl.H'i'T  h-^.y.  (^ushinc:  (abs.), 
xvli.  »".!:  Pitt..  d'V.i.  xvil.  .I-Jl; 
1  Iyi>i'r.<t  ht!n-Aial<  <it.'  from  Mt. 
E(li:»M«..inb'^'.  Tn.^hinjc,  xx,  l.i6; 
Kxr-l"rations  (p..'^.n.».  xxl,  2»)5; 
r^'f"an--i.-:.^Mnc'e  >>(  i^i'id  t'n-lds.  G. 
^".  T*.c.-1,-.T  (ruv  ).  xxi.  3S2:  .«5nr- 
{■Ai-o  ^'Oology.  O.  XoMlonskjold. 
xxlli.  1'*^*^;  (""rossinu:  Ww  Valdt*2 
gl:u-i<r  at  Hat«'S  pa.<s.  W.  R. 
Ab»r<roml>ie.  xxiv,  "r.»;  Work  of 
th.:*  r.  S.  (m'oI.  Sur.  (p.s.n.),  xxvl, 
^•4:  Sr\'ip(»lit(*  rorks.  .1.  K.  Si)urr 
(r«'V.>  xxvl,  393;  (Jranit*.'  of  the 
Yukon  vall«y.  K.  G.  McC'.»nnell, 
XXX,  .'.'■:  Extinct  hi.-nn  tp-.^n.) 
xxxl.  2''2:  Harriman  Expedition. 
<;i'.i«i.rs  and  glaciation.  (».  K. 
Gilbert  <rov.).  xxxlll.  2r>9:  Dit- 
♦o.  Geology  and  paleontology, 
Emerson,  Palache,  Dall,  Ulrlch, 
Knowlton    (rev.),   xxxiv,   122;  Coai 


fields  (p.s.n.)  xxxiv,  401;  Recon- 
noissance  in  northern,  Schrader. 
(rev.)  xxxv    247. 

Albertite-like' asphalt  in  the  Choc- 
taw   nation    (rev.)    xxiv,    319. 

Alden.  W.  C.  (with  R.  D.  Salis- 
bury), Geography  of  Chicago  and 
its  environs  (rev.),  xxv,  174;  Chi- 
cago, folio,  V.  S.  G.  S..  xxxl,  255. 

Alderson,  V.  C.  Geology  In  the  High 
School,   Iv,  284. 

Algae,  Consl.leratlons  on,  G.  Mall- 
lard  (rev.)  II,  54:  From  the  Tren- 
ton limestone.  R.  P.  Whitfield, 
(rev.),  XV,  183;.  As  geological 
guides,   xill,  95. 
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tem of  cartography  (abs.),  vMI, 
260:  Horizon  of  druralin,  ozar  and 
kame  formation,  (rev.),  xii,  122; 
Tranrpurtatlon  of  the  drift  of  the 
Alpine  glaclors,  (abs.),  xil,  169; 
Attitude  of  the  land  at  the  time 
of  the  Glacial  epoch,  (abs.).  xll, 
171;  Glacial  man  not  in  America, 
(abs.).  xll,  175;  Glacial  phenom- 
ena about  Madison,  Wis.  (abs.), 
xli,  176:  The  Finger  I^ke  dis- 
trict in  New  York,  (abs.).  xil, 
178:  Ox-bows  of  the  Ohio  valley, 
(abK.).  xil,  '21?..  Hs«'iiil(»  rols. 
(abs.).  xil,  170;  (Jlarial  succes- 
sion In  the  Unittd  Stat»»s  (abs.), 
xli,  l'-7.  2.T^-  rotidifionx  of  Lov.s.s 
d«r'Ositioii.  (.lb.':.),  xll,  J73:  Pfteiido 
cols.  (rev.'),  xlil.  L'17:  (and  F. 
LevcrcU)  Past  dralnajje  s^ysiems 
of  the  upper  Ohi«^  valley,  xiii,  217; 
T.nclal  phenomena  of  North 
America  (cit.),  xv,  55;  Recent 
(''Mpffil  stiuli»\s  in  (.3reenlnnd, 
(abs.),  XV,  197;  Notes  on  the  gla- 
'^tatii  :i  vf  Nowfuundland  (abs.), 
XV.  2'i.T:  Genl«)pv  of  the  Penry 
auxiliary  expedition  to  Green- 
land. 1S94.  (r«'V.),  xvl,  124;  The 
Natcboz  formation  (abs.).  xvll, 
lOS:  Orl«?ln  and  deposition  of  the 
loess,  (abs.).  xx,  197;  (p.s.n.) 
xxvlll,  266:  (p.s.n.),  193.  394;  1»r-~ 
istocene  preolog^-  n«"ar  Lansing, 
Kansas  (abs.),  xxxl,  265;  Origin 
of  ocean  basins  on  lh«*  planet<»s- 
Imal  hypothesis,  xxxll,  14;  (p.s. 
n),  xxxlv,  67.  390. 

Chamberlln    atid    Salisbury,    on    the 
f!»-ift1ess   area    of   the    upper  Ml**- 
sissim.'i.  (rt-v.).  I,  14:  ("It-olojrv.  vol. 
.1,    (rev.),    xxxlll.    n.^2. 

Chambers,  Julius,  Description  of 
tbo  nn-::rT  bMFlrj.  (rit.).  viil.  "04. 
Champlain  submergence,  Warren 
I'phrjm.  (r»'v. ).  xi.  IIH;  Glncial 
pnof'h.  I^?t.'>i«M.oK-.  (rov.\  xvl.  2?.^^: 
In  the  Narragansett  bay  region, 
M.  L.   Fuller,   xxl,  310. 

Champlain  valby.  I't-l.^tocere  his- 
tory-. S.  I'rcntiss  Paklwin.  xlll; 
170;    Trap   dikes,    (rov.).    xlil,   426. 

Chance.  H.  M.  (p.s.n.),  Iv.  254 :  Coal 
p^f'isuros  of  Ir.dinn  T(.'rritor>',  vl, 
?.?x. 

Changes  of  drainage  In  Rock  river 
bnsin.  111.,  Frank  Lever»'tt, 
^nbs.).  xll.  170:  Of  I^vel  of  th« 
r.'inuKla  isl.in<l.*.  II.  S.  T;irr. 
xlx,  2't3. 

Channels  «»v<'r  dlvifV^  not  ovjrb'nce 
\H  r  s-  of  i^l:ii'i:il  '  iki'.^.  J.  W.  Si»*>n- 
r«r.    fr«'V.).    xl.   TA. 

Ch;^nnlng,  J.  i';irki».  (n.s.n.).  xvl, 
:^27 

Chaoman.  E.  J.,  (n.s.n.).  xvl.  267; 
nihil. >.    xxxlii,   r»'.'.«. 

Characteristics  «'l'  VdU'.'inceF.  .T.  D. 
r).iiia.  (lev.),  vl,  U'l:  of  the  (jz.irk 
njnniiliiins.    C    R.     Key.'S,     (rev.), 

xvl.  :j:»3. 

Characters  rif  somf  pm^'OZoIc  fi«:hes. 
K.  l.J.  <'«»pi'.  «r.-v.).  Ix,  2•':^.  of 
cry.^tals:  .mm  In t  ri-d nation  lo  phy- 
sical cTy.stallii^r  Mihy.  A.  J. 
Mosos.    uov.).    xxiii.    3.^9. 

Charleston  earihquake.  C.  E.  Dut- 
tun.    (rev.),    vll,    199. 


(  Charleston  earthtjuake  tremors.  E. 
'  W.  Clay  pole.  II,  132. 
,  Chart  of  ihv  Rugose  corals,  W.  H. 
I  Sherzer.  vH,  273. 
j  Chatard,  T.  M.,  Salt-making  proc- 
ess in  the  United  States,  (rev.), 
Iv,    113. 

Chazy  formatlcm  in  the  Champ.lain 
valley.  lirainerd.   (rev.),  378. 

Chazy  rocks,  the  original,  Braln- 
erd  and  Seely,   ii,  323. 

Check  list  of  Texas  Cretaceous  fos- 
sils.  R.   T.   Hill,    (rev.)   vl.  124. 

Chehalis  sandstone,  A.  C.  Lawson, 
xili,    436. 

Chemistry,  A  new  basis  for,  T.  S. 
Hunt,  (rev.),  vll,  374;  Experi- 
ments in  fundamental,  Cooke, 
(rov.),   Ix,  56. 

Chemical  composition  of  limestones 
of  Sussex  county.  New  Jersey, 
xlll,  l.'>4;  and  optical  properties 
of  aniphiboles,  A.  C.  Lane,  (rev.), 
xlv,  195;  of  roscoellte,  F.  W. 
Clarke,  (rev.),  xxlv,  318;  of  tour- 
maline, F.  W.  Clarke,  (rev.),  xxlv, 
31.S:  of  peotolite,  pyrophylite,  cala- 
mine and  analcite,  F.  W.  Clarke, 
(rev.),  xxlv,  320;  of  sulphohallte, 
S.  L.  Penfleld  (rev.),  xxvll,  60;  of 
tuniuivls.  S.  L.  Penfield.  (rev.), 
xvll,  50;  r>f  kulaite,  H.  S.  Wash- 
ington, (rev.),  xxvll,  li<7;  of  Geor- 
gia bauxite,  T.  L.  Watson,  xxvill, 
25. 

Chemical  science.  The  immediate 
w«)rk  in,  A.  B.  Prescott.  x,  282. 

Chemical  and  mineral  relationships 
in  igneous  rocks,  J.  P.  Iddings, 
(rev.),    xxvll,    1S4. 

Chemical  study  of  the  glaucophane 
schists,  li.  S.  Washington,  (rev.), 
xvll,    1S4. 

Chemung  and  Catskill  east  of  the 
Appalachian  basin.  J.  J.  Steven- 
son, Ix,  6. 

Chert  (if  thf*  upper  coal  measures 
in  Montgomery  county,  Iowa, 
(ed.  com.),  i,  116;  of  the  carbonif- 
erous limestones  of  Ireland.  G. 
J.  Hinde,  (rev.),  I.  121;  of  Mis- 
souri. K.  O.  Hovey.  (abs.),  xlv, 
196. 

Chesapeake  bay.  Geology  of,  Mc- 
Gee.    (nv.).    iv,    113. 

Chester,  A.  H.,  (p.s.n.),  xvll,  340; 
(obit),    xxxl,    394. 

Chester  sandstone,  local  deposit,  J. 
Ni'kUs.  vll,  47. 

Cheyenne  s:indstone  and  Neocomian 
shalt'S  «if  Kansas,  F.  W.  Cragin. 
vl,    2:;3:    ditto,    vll,    23.    179. 

Chicago  Aoadrmy  of  Sciences,  (p.s. 
n.).  xvll,  122:  (p.s.n.).  xxxl,  64; 
U'S.n  ),    xxxv,    190. 

Chico  and  Sba.sta  f.iunas.  T.  W. 
Stantnn.    (nrv.).   xll,  122. 

Chinese  cuitis.  minernl«  observed 
on.  A.   F.   Rofrors.  xxxl,  43. 

Chipped  Hints.  I'pptr  Miocene.  Bur- 
ma.   F.    N<Mtling.    (rev.),    xlv,   399. 

Chlorastrolite  and  zi'Tiorblorile  from 
T.>-le  linyal.',  N.  H.  Winchell,  xxlll, 
lin. 

Choffat.  Paul.  Th<  ncre  of  the 
rook  of  Gibraltar,   (rev.),  x,  326. 

Chonophyllum,  llcvlslon  and  mono- 
graph of  the  crenus.  (rev.).  W. 
H,  Sherzer.  x,  66. 


Index .   Volu mcs  I-X XX  J  'I. 


^3 


Chouteau  Kroiip  of  Mlpsnuri.   Row- 
Icy,  lil.  111;  Range  of  fossils,  xH, 

Christian      faith      in      fin      .'ige      of 

scionce,  W.  N.  Rice,  (rev.),  xxxiv, 

p.    55. 

Christie,  J.   C,    frit.^.   vlH.  242.   247. 

Chronological      distribution    of    the 

ola»mol)ranchs.  U.  P.  Hay,  (rev.), 

xxix,   255. 

Cimarron  series,  F.  W.  Cra^in,  xlx, 

351. 
Cincinnati    nnticllne      in      snutliern 
Kontnoky,     A.     K.     Foerste.     xxx, 
350:   ditto,   F.Hrsto.   xxxi,   333. 
Cincinnati       irt-dani.         discussion, 
vlli.  ]:'3:  F.  Lfvin'tt,   (abs.),  villi 
232:    J"s.    F.    Jainvr?.    xi,   100. 
Cincinnati     r(H'l<s.      Th»'lr    physical 
hi:-t«)ry.  N.  W.  Perry,  iv,  32^;  CoU 
loi'tingr  f<>.**sils  at,  IT.  E.  Dlckhaut. 
xxiil,   335. 
Cinnabar   and    Rozeman    coal    fields 
of  MnntHna,  W.  H.  Weed,   (rev.), 
vlli.    54. 
Cladodcnt  sharks  of   the   Cleycland 
siialo.     E.    W.     Clayp.ilo,    xl.    325; 
Tiocont       contrlbiiti«)ns       to      our 
ktii-iwledge  of,  B.  W.  Claypolc,  xv, 
3r.3. 
Cladodus  from  the  Devonian  of  Col- 

nrndn,   O.    P.   Hay,   xxx,   373. 
Cladodus    r*larkl,    A    new    specimen 

of.    p:.   W.   Clnypole,   xv,  1. 
Cladodus    masmlfwMis:    a    now    sela- 

ehlan.  E.  W.  Claypole.  xlv,  137. 
Ciapp,   F.  G.,  fioolo^jioal   history  of 
tho    Cliarlt^s    river    In    Massarhu- 
sftts.  xxlx,  21.'^;  (with  M.  L.  Ful- 
ler). ^Tarl -loess  f»f  the  lower  Wa- 
b.'ish    valloy,    xxxl,    15S;    (p  s.n.), 
xxxiil.    334. 
Clarke.    E.    S.,    (with    Herrick    and 
I>'minpr>.  Some  American  norytei 
and    pral)l>ri»s,    I,   330 
Clark,   C.  W.,   (p.s  n.\   xxvll,  197. 
Clark.    Dr.    Wm.,   Collection   of  fos- 
sil  nshes  at   Heroa.   O.,   II.  62;    (p. 
s.n.).  vil,   143:  xll.  03. 
Clarke,  F.  W.,  (and  Schneider),  On 
the    natural    silicates,    (rev.),    vll, 
50;  Alkaline  rcaotlnn  of  some  nat- 
ural   slllontes.    (rov.\      xxiil,    32S: 
C^hemical    eomp(»sltI(»n    of    roscoe- 
llte.    (rev.),  xxlv,  31**:   (and  N.  H. 
Darton').    On    a    hydromica    from 
New     Jrrsoy,    (rev.),      xxiv,    1S2; 
C'>nstItution  of  tourmaline,  (rev.), 
xxlv,   31S:    (and    G.    StHcreri.   Ac- 
tion    of    ammonium    chloride    on 
natrolite,    et^..    (rev.),    xxvll,    49; 
Analyses    of    rooks,    U.    S.    Geol. 
Sur..    (rev.),    xxvll.    310;    (and    G. 
Rtcleer).     Action     of    amhionlum 
chloride    on    annlcite    and    leuclte, 
(rf-v.).  xxvll,  IS.\. 
Clarke,    J.    M..    Annelid    teeth    from 
the  Hamilton,  and  frf)m  the  Nap- 
les   shnlf^s,    N.    Y.,    (rev.).    I.    127: 
Structure       and     develupment     of 
the     visual     area     of     the     trilo- 
bilc    Plia«v-T>;5      rnna.      (rov.>.      iii, 
140;     (and    C.     E.    Pecoher).     Pi- 
velopmotit       of       some       PilurlMn 
braohlopodn.     frev.).    v.    51:     The 
Hercyn-Frace     and     tlu'     HtlibM- 
berj?"  limestones,    vll.    100;    Fauna 
with        Gonlalltes         Intum«^'*oens 
In    western    Now    York.    viii.    Sfi: 


I 


I 


Notts   on    Aoidasi»is,      (rev.).      Ix, 
202;    Ol'S«'rvatIons     on    Terata.spis 

frandls.  the  largest  ki^own  trilo- 
ite,  (rev.).  Ix,  203;  On  Coro- 
nura  aspectans,  (rev.),  Ix.  203: 
The  protoconch  of  Orthoceras.  xll* 
112:  ICleventh  and  twelfth  New 
York  reports,  (rev.),  xlll,  193; 
Handbook  of  brachlopoda,  (p.s. 
n.).  xill,  439;  American  species 
of  Autodetus  and  ivuamorphic 
shells,  xlli,  327;  Composite  generic 
fundamenta,  xlll,  2SG;  The  early 
stages  of  Bacirites,  xiv,  37;  Nan- 
no:  a  new  cephalopoda n  type,  xlv, 
205:  Sketch  of  G.  H.  Williams, 
XV,  r,0:  Cephalopod  beginnings,  xv, 
125:  On  Nan  no,  (cit.),  xvl,  1; 
Structure  of  certain  paleozoic 
barnaclos.  xvll,  137;  James  Hall 
and  the  New  York  state  survey, 
xvlll,  55;  A  sphlnctozoan  calcl- 
sponge  from  the  upper  Carbonif- 
erous of  eastern  Nebraska,  xx, 
387:  (p.s.n.).  xxlll,  67;  (and  James 
Ha  in.  Memoir  on  DIctyosponpidae, 
rrev.).  xxlv,  304;  Upper  Silurian 
fauna  of  the  Rio  Tmrnbetas.  Bra- 
zil, (rev.),  xxlv,  311;  (and  C. 
Schuchtrl).  The  nomenclaluro  of 
the  New  York  series  of  geological 
formations,  xxv,  114;  (p.s.n.), 
xxvi,  105;  (p.s.n.).  xxx,  130;  An- 
notations of  Jackel's  theses  on 
Orthocerns  and  other  cephalopods, 
xxxi.  21G:  (and  R.  Ruedemann), 
Guelph  faima  In  th«»  state  of 
New  York,  xxxll.  254:  Naples  fau- 
na In  wt'storn  New  York,  (rev.), 
xxxiil,  47;  (p.s.ir.).  xxxHI,  397; 
Charles  Emerson  Beeeher,  xxxlv. 
1;  (ps.n.),  xxxlv,  202;  (and  D. 
P.  I.uther>.  Watklns  and  Elmlra 
oundran>:;les,  (rev.),  xxxlv,  324; 
Portagf  crluolds,  (ed.  com.), 
XXXV,  24fi:  James  Hall  and  the 
Troost   manuscript,    xxxv.   p.    256. 

Clark.  W.  B.,  Tertiary  of  the  Cape 
Fear  iiv»r  reirl«in,  (rev.),  v,  119: 
(and  G.  H.  Williams).  Geolfjgy  of 
Maryland,  (riv.).  x,  r»3:  Correla- 
tion paper.  Eocono.  (rev.),  xll, 
300:  (a I'd  G.  H.  Williams).  Geol- 
ogv  and  phvsleal  features  of 
M;"irvland.  niv. ),  xll.  306;  Climate 
nf  Maryl-md.  irev  ),  xill.  139: 
(■;reen.«ands  of  N.  J..  (rev.>.  xlll. 
210;  Mosozoio  Echinodermnta  of 
the  rnit«d  States,  (rev.),  xlv.  329; 
Eoot'ne  fauna  of  the  middle  At- 
lantic .«lnp,\  (rev.),  xvi,  2r>'»:  Eo- 
cene deposits  of  tin-  middle  At- 
lantic sltipf.  (rev.">,  xlx,  64:  G<»ol. 
Sur.  Maryland,  vol.  I.  (rev.).  xxH, 
375:  Maryland  geoloijiertl  survey. 
vol.  ii.  <rev.),  xxiil,  103;  ditto, 
vol.  III.  (rev.),  xxv,  3S3;  Report 
on  Allreany  county,  Md.,  (rev.), 
xxix,  119:  Maryland  geological 
survi-y.  vol.  Iv.  (rev."),  xxxl.  54; 
Maryland  geological  survey.  Mio- 
cene.   <rev.).   xxxv.   302. 

Classification  of  igneous  rocks. 
Rn'j.Tilmsoh's,  I'.:iyloy*s  scheme, 
(r«v.».  III.  4^:  of  til'*  C;imbrl;in  and 
pn-Carnbrinn.  R.  I).  Irving, 
(n-v.'t.  iv.  Ill:  of  eruTitive  rocks, 
^T|.•b^•l  Levy.  (rev.>.  Iv,  303;  of  the 
chief  geographic  features  of  Tex- 


24 


The  American  Geologist.         December.  1905. 


as,  R.  T.  Hill,  v,  9,  68;  of  Ameri- 
can paleozoic  crinoids,  S.  A.  Mil- 
ler, vl,  275;  of  the  glacial  sedi- 
ments of  Maine,  Geo.  H.  Stone, 
(rev.),  vll,  136;  of  mountain 
ranffes,  Warren  Upham,  (rev.), 
Ix,  205;  of  the  theories  of  the  or- 
igin of  iron  ores,  H.  V.  Winchell, 
X,  277;  of  the  Cepholopoda  (rev.), 
X,  327;  ditto,  F.  A.  Bather,  x. 
396;  of  the  Dyas.  Trias  and  Jura 
in  northwest  Texas,  Jules  Mar- 
cou.  X,  369;  of  the  Brachiopoda, 
C.  Schuchert,  xl.  141;  of  topoprn- 
phic  forms,  S.  H.  Perry,  xll.  153; 
of  economic  geological  deposits, 
xIJI,  249;  Rules  and  misrules  in 
stratlgraphic,  J.  Marcou,  xlx,  35; 
of  costal  forms.  F.  P.  Gulliver, 
(abs.),  xxll,  253;  Ice-contact  of 
glacial  deposits,  J.  *  B.  Wood- 
worth,  xxlll,  SO;  of  igneous  rocks. 
Lewinson-I^sslng,  xxili,  346;  of 
igneous  rocks  according  to  com- 
position, J.  E.  Spiirr,  XXV,  210; 
of  igneous  rocks.  W.  H.  Hobbs, 
(rev.),  xvll,  52;  of  the  crystalline 
cemonts,  E.  C.  Eckel,  xxlx,  146: 
Quantitative,  of  igneous  rocks, 
(ed.  com.),  xxxll,  p.  48;  of  sedi- 
mentary rocks,  A.  W.  Gribnn, 
xxxlll,  228;  Now,  of  Blastoldea.  G. 
Ilambarh,  (rev.),  xxxHi,  45;  Ba- 
trachian  foot-prints,  G.  F.  Mat- 
thew, (rev.),  xxxlll.  259;  Upper 
Crftaceous  of  New  Jer.*ey,  Stuart 
Woll<M-,   XXXV,  176. 

Clay,  what  con.'^titutes  a  clay,  (ed. 
com.).  XXX,  31 S. 

Clayey  bands  of  the  drift  of  the 
delta  of  the  Cuyahoga  river,  and 
of  th^  delta  at  Trenton,  N.  J.,  G. 
F.   Wright,    (rev.>.    xxii,   250. 

Clay  and  kaolin  deposits  of  Eu* 
rope,  H.  Ries,   (p.s.n.).  xxl,  266. 

Clays,  origin  and  distribution  of 
Minnesota,  C.  P.  Berkey,  xxlx, 
171. 

Clays  and  clay  industry  of  Wiscon- 
sln.    E.    R.    Buckley,    (rev.),    xxx, 

'•on 

Claypol-,  E.  W.,  Darwin  and  geol- 
•^'.ry,  I.  ir.2,  211;  Subterranean 
C'-nim-'tinn  n«\'ir  .\kron.  Ohio,  I, 
1!»0;  Th'>  fntTiro  of  natural  gas,  I, 
31;  T-ake-.'iix'?  in  Ohio.  (rev.).  I, 
^'.3;  Condition  of  the  Interior  nf 
the  ••arth.  i,  3S2;  (p.s.n.).  396; 
Kar:Iviu.ik»?  tn-mors  at  Charles- 
ton, S.  C.  II,  13.'>;  Clnrk's  collec- 
tli::i  ..f  ri.<h.-'.s  at  P.orea.  II.  62; 
Ol.'icff-r.^  .'itmI  glnr-inl  rarHants  in 
th"  i«'»'  :\^f',  ill.  73;  A'nsculnr  nn- 
luiv  of  tin-  tr«-«'<5  r)f  thf  Cnnl  Mp-.-is- 
urcfi.  III.  r..';  The  story  of  the 
Mis>ls!.ii.pi-Mi>s.'uri.  ill.  ?y<\: 
((•it.),  iv,  o.'m:  IlliJ.^trntion  of  tho 
"I»vf*i  of  no  Ftrain"  in  tho  crust 
of  tho  oarth,  v,  '^^;  Making  of 
Pennsylvania,  v,  22.^:  Pal'v^ntolo- 
gioal  notes  from  India napt>ll.*«-.  vl, 
25';  Xf»tl<"o  of  th'*  <^^'^th  "-f  Frank- 
lin C.  TTIll.  vll.  ^a;  M.\E:alonyx  in 
T^FoImc?  Co..  (»hl  ■.  vll.  122.  HO; 
Episode  In  V.v^  p.ilriizolc  hfstory 
of  Pcnn.syhM!'. !a.  vlll.  152;  Pre- 
(Il'o^iMl  ohaTi»^»-l  nr-iir  Akron.  Ohio, 
(aba),  vll!.  105;  Deep  boring  near 


Akron,  (nbs.),  vMi,  239;  Geologic 
correlation,  (abs.),  vlll,  251;  New 
fishes  from  the  Cleveland  shale, 
^abs.),  ix,  217;  The  tin  Islands  of 
the  northwest,  Ix,  228;  (p.s.n.), 
Ix,  282;  Gigantic  placoderm  from 
Ohio.  X,  1 ;  Geology  of  the  British 
association  at  Edinburgh,  x,  188; 
Dentition  of  Titanichthys  and  its 
allies,  (p.s.n.),  x,  193;  The  head 
of  Dinichthys,  x,  199;  A  new  coc- 
costean,  Coccosleus  cuyahogae, 
xl,  167;  Pre-Glacial  man  not  im- 
probable, xl,  191;  Cladodont 
sharks  of  the  Cleveland  shale,  xl, 
325;  The  three  great  fossil  placo- 
derms  of  Ohio,  xlj,  S9;  On  Glypto- 
dendron  in  Ohio,  (cit.),  xii,  13S: 
Early  man  in  America,  (abs.),  xll, 
175;  Three  new  species  of  pinl- 
chthys,  xll,  275;  A  new  species  of 
Carclnosoma.  xlli,  77;  Cladodus.  a 
new  .selachian,  xlv,  137;  A  new 
placoderm  from  the  Cleveland 
shale,  xlv,  379;  On  a  new  speci- 
men of  Cladodus  clarki,  xv,  1; 
Recent  contributions  to  our 
knowledge  of  the  cladodont 
sharks,  xv,  363;  (p.s.n.),  xvl,  129, 
32S;  Actinpphorus  clarki.  xvl,  20; 
Glacial  notes  from  the  planet 
Mars,  xvl,  91;  Geology  at  the 
British  association  for  the  ad- 
.vancoment  of  science,  xvl,  300; 
The  time  piece  of  geology,  xvli, 
40;  A  new  Titanichthys,  xvll,  166; 
Ance.stry  (.f  the  upper  Devonian 
placoderms  of  Ohio,  xvll,  349; 
Dinichthys  prentls-clarki,  xvlll, 
199:  Ancient  and  modern  sharks, 
and  the  evolution  of  the  class. 
(abs.),  xvlll,  222;  Human  relics 
in  the  drift  of  Ohio,  xvlll,  302;  A 
new  Dinichthys — Dinichthys  kep- 
lori,  xlx,  322;  International  con- 
gross  of  geologists,  XX,  203;  (p.s. 
n),  XX,  420;  Paleozoic  geography 
of  tlK*  eastern  United  States. 
(abs.).  XX,  200;  Paleolith  and  neo- 
lith.  xxl,  333;  Microscopical  light 
in  geological  darkness,  xxll,  217; 
(ilaoial  tln'ori^s — cosmical  an(l 
torn.strial.  xxll,  310:  The  earth- 
riuake  of  San  Jacinto,  Dec.  25, 
ISOO,  XXV.  106,  192:  (p.s.n.).  xxv, 
120:  Xutt's  on  petroleum  In  Cali- 
fornia, xxvli,  150;  (p.s.n.),  xxvll, 
130;  (obit.),  xxvlll.  247;  Bio- 
gr.'iT'hlcal  sketoh'^s.  by  Comstock. 
Ricliardson  and  F^rldge,  xxlx,  30; 
PiblioKraphy,  xxlx,  40;  (p.s.n.), 
XXX.  71:  The  Devonian  era  In  the 
Ohio  basin,   xxxll,  15,  79,  240,  312, 

axe,     (p.s.n.),    xxxl. 


33- 


Clayton    stone 
103. 

Cleavage,  difforpnt  structures  de- 
scribed under.  Van  HIse,  (p.s.n.), 
xvii.  12.">:  Di.^cussion  by  Geo  F. 
Pf.'kcr.    (p.s.n.),   xvll,   126. 

Clements,  J.  M.,  Some  stages  in 
tin-  dtM-rI«)ptnt'nt  of  rivf'is.  (abs.), 
xvil,  12»1;  Stiidy  of  some  exam- 
Til«  s  nf  rock  variation,  (rev.),  xxll, 
Hsl:  C<»nti-ibMt|Mn  to  the  study  of 
ountact  ni'tnmi^rnliism.  (rev.), 
xxiv.  2.'i:  (and  H.  L.  Smyth), 
Crystal  F:ills  inm- bearing  distri«^t 


Index,   Volumes  I-XXXVL 


25 


of  Michigan,  (rev.),  xxlv,  30S; 
(p.s.n.),  xxvi,  105;  (p.s.nj,  xxxiil, 
go     1 33 

Clendcnlri,  W.  W.,  (p.t?.n  V  xlll, 
133;  ip.s.n.).  xv,  130;  Prellm?iiary 
report  on  the  Florida  parishes  of 
east  LouIt»iana  anU  the  bluff, 
prairie  and  hill  lands  of  south- 
west Louisiana,    (rev.),   xvlll,  322. 

Cleveland  water  supply  tunnel,  S.  J. 
Pierce,   xxvlll.  3S0. 

Cliffwood  clavs  and  the  Matawan. 
G.  N.  Knapp.  xxxlll,  23;  ditto,  E. 
W.  Berry,  xxxlv,  253. 

Climatic  changes  indicated  by  the 
glaciers  of  North  America,  I.  C. 
Russoll.   Ix,  322. 

Climatic  conditions  show^n  by 
North  American  inter-glaclal  de- 
posits, I'pham,  XV,  273;  ditto,  G. 
M.  Dawson,  xvl,  65. 

Clinton  iron  ore,  Origin  of.  C.  H. 
Smyth.   Jr.,    (rev.),    x,   122. 

Cllnopiains  of  the  Rio  Grande,  C. 
L.    Herrlck.    xxxill,   376. 

Close  of  the  twentieth  volume,  (ed. 
com.).    XX.   403. 

Ciypeastridae.  A  new  Cretaceous 
genus  of.   F.  W.  Cragln.  xv,  90. 

Coal,  anthracite,  valley  of  the  Bow 
rivfr.  Jas.  A.  Dodge,  I.  172;  Cns- 
cndo  anthracite  basin,  Geo.  M. 
Dawson,  i,  332. 

Coai.  anthracite,  exhaustion  of,  (ed. 
com.),   ill,  45. 

Coal  and  metal  miner's  pocket 
l.v)ok.    (rov.),    xxvill.    126. 

Coal  deposits  of  Iowa,  C.  R.  Key»s, 
^rev.).    xili.    353. 

Coal  field  of  southeastern  Ken- 
tucky. Crandall  and  lli»dge,  (rev.), 
i.  65:  «)f  Cinnabar  and  Bozemin, 
Montana,  (rev.),  vlil.  54;  of  MIs- 
.couri.  A.  Wlnslow.  (rev.),  xl.  271; 
Corlllns  of  New  ^Texi^o.  J.  J. 
Plr»vi^nson.  (rev.),  xvli,  94;  Aronnd 
Ts^  Chou.  China,  N.  F.  Drake. 
<rev.).  xxxiii.  260;  We.«tern  in  tc- 
Tit»r.  H.  F.  Bain.  (rev.),  xxx.  124; 
of  Montana.  J.  P.  R(»we.  xxxii, 
r.6f»:  i.f  Alaska,  (ps.n.).  xxxiv. 
401:  Bituminous  of  Pennsylvania. 
O>ilo  and  Wrst  Vlr^rinia.  I.  C. 
White.  (rev.),  ix.  2«»:  nf  Nrw- 
founfllnnd.  J.  P.  Ilnwley.  jp.s.n.). 
xvii    250. 

Coal  formation.  Side  light  upon.  W. 
S.  C.resley.   xill,  69. 

Coal  in  Colorado.  A.  Lakes,  (rev.). 
V,  312:  in  th"  south  of  England. 
(D.?.n.).  V,  31S:  Cnnnel.  from 
T^^'iotanie.  T^.  T»  P«':>h'ill«uv.  x. 
Z?,\\  of  Crow's  Nest  n'is«.  .^•■'hvyii. 
(nbs.).  xl,  131:  .Nnthrnolt^  In  Ari- 
zovq.  W.  P.  Blal-o.  xxl,  31':  spe- 
riil  renort  on  Kans;^«  cal.  K. 
TTa worth,  (rr-v.).  xxli.  3Si:  In  low- 
er ^'ichiurin.  'p.^nV  xxv.  59; 
on  Turkey  cr»'ek.  C<»l«»rndo.  (p. 
s.n.).  xxxii.  1.12:  in  Spltzberpo.^ 
J.  J.  Stevri^'^on.    fab^.\   xxxv.  192. 

Coal  and  plant -bo-' rjnir  bed*'  of 
Australia  and  Taspvnla.  Felst- 
mantel.    (rev.),    vl,    320. 

Coal  plants,  vascular  natur*»  of  th** 
tree.  E.  W.  Haynole.  iil.  55;  Pns- 
sible  now,  W.  S.  Gr^^'^ley,  xxlv, 
199;    ditto,    xxvl,    49;    ditto,    xxvil, 


6;  of  the  Coal  Measures  of  Missou- 
ri, D.  White,  (rev.),  xxvl,  55;  of 
Indian  territory,  D.  White,  (rev.), 
xxvl,  58. 
Coai  Measures,  chert  in  Iowa.  (ed. 
com.),  I,  116;  Fossils  from  the 
lower  at  Des  Moines,  C.  R.  Keyes, 

II,  23;  of  central  Iowa.  C.  R. 
Keyes,  li,  396;  Fauna  of  the  low- 
er. C.  R.  Keyes,  (rev.),  II,  432; 
Vascular  nature  f>f  trees  In,  E. 
W.  Claypole,  Iil,  55;  of  Indian  ter- 
ritory, H.  M.  Chance,  vl,  238; 
Lower  of  Monongalia  and  Preston 
counties,  W.  Va.,  S.  B.  Brown, 
Ix,  224;  A  new  fungus.  Herzer, 
xl,  365;  Unconformity  with  the  St. 
Louis,  C.  R.  Keyes,  xll,  99;  Dac- 
tyloporus  archaeus.  Herzer.  xil, 
2S9:  rnio-like  shells  In  Nova 
Sc(»tla.  Whiteaves.  <rev. ).  xlll, 
193;  wf  Blount  mountain,  Gibson, 
(rev.),  xlil,  2S4;  of  Big  Stone  gap, 
M.  R.  Campbell,  (rev.),  xlv,  392; 
New  triloblte  from  Arkansas,  A. 
W.  Vodges.  (rev.),  xvl,  202;  of 
western  interior  coal  field,  H.  F. 
Bain,  (and  A.  T.  Leonard), 
(abs.).  xxll,  251;  Horizon  In  New 
Mexico.  Herrlck  and  Bendrat, 
xxv,  234;  of  Kansas,  C.  R.  Keyes, 
xxv,  347;  Fire  clays  of,  T.  C. 
Hopkins,    xxvill,    47;    In    Arizona, 

E.  T.  Dumblc,  xxx,  270;  Bryozoa, 
Nebraska,  G.  E.  Condra.  xxx, 
337;  Erratic  boulder  in 
Tennessee,  S.  W.  McCallle.  xxxl, 
46;  Footprints  in  the  Jogglns,   G. 

F.  Matthew,   (rev.),   xxxii,  54. 
Coal  mining  in   Pennsylvania,    (p.s. 

n.).    xxvll,   390. 
Coals  of  Colorado,  J.  S.  Newberry, 

(rev.).   II,  429. 
Coal  mines  In  China,  and  In  British 

Columbia,    (p.s.n.),  Iil,  62. 
Coal  oil  at  Florence,  Colo.,   (r  s.n.), 

III.  62. 

Coarseness  of  Igneous  rocks  and 
its  meaning,  A.  .C.  I-iane,  xxxv, 
65. 

Cohen.  E.,  Meteorltenkundt?,   (rev.). 

XV.  n2^. 

Coast  ranges  of  Calif<»rnla,  pre- 
Creta(»'(.ius  rooks  of.  H.  W.  Fair- 
banks, xl,  69;  Notes  on  the  geol- 
ogy of.  Turner  and  Stanton,  xlv, 
92;  Contribution  to  the  geolog>', 
A.  C.  I.Kiwson.  XV,  342:  Coast 
ranges,  ago  of,  F.  L.  Ransome. 
xlx,    66. 

Cole.  Granville.  A.  J.,  (p.s.n.).  xvii, 
257. 

Coleman,  J.  P.,  Inter-glacial  fos- 
sils from  the  Don  valley,  xlll* 
S5:  Geology  of  the  Rooky  moun- 
tains bi'tween  Saskatchewan  and 
Atha]>asoa,  xlv,  S3;  Rainy  Lake 
gold  re:,'lon.  (rev.),  xvl,  313;  The 
Irminois  beach  at  Toronto  and 
Its  fossils,  (rev.),  xxiii,  103;  The 
Huronian  question,  xxlx,  323; 
Duration  of  th«'  Toronto  Inter- 
glariril    epoch,    xxlx,    71. 

Collecting  fossils  in  the  Cincin- 
nati shales.  H.  E.  Dlckhout.  xxlll, 
S35. 

Collenot,  J.  J.,  (obit.),  xl,  363. 


\ 


26 


The  American  Geologist.         December.  1905. 


Collet,   John,    (obit.),    xxlil,   33S. 

Collie,  G.  L.,  Geology  of  Conanlcut 
Island,  R.  I.,  (rev.>,  xv,  3S6;  Ori- 
gin of  conglomeraiCi?,  (lev.), 
xvll,    126. 

Collier,   A.   J.,   (p.s.n.).   xxxiv,  67. 

Colorado,  Otology  and  mining  in- 
dustry of  Lit-adville,  S.  F.  Kin- 
nn»n«,  (rev.).  I,  1D4;  Coals  of,  J. 
S.  Newberry,  uev.),  11,  429;  Coal 
oil  at  Florence,  (p.s.n.).  Ill,  62; 
Mesozoic  of  soutliern,  J.  J.  Stev- 
enson, ill,  391;  Extinct  volcanoes, 
A.  Lakes,  v,  3S;  Ore  deposits,  A. 
Lake.*^,  (rev.),  v,  57:  C(»al  depo.^its, 
A.  Lakes,  (rov.).  v,  312;  Fossil  but- 
terllifs  ot  Florissant,  S.  11.  Scud- 
der,  (rev.),  vl,  197;  Geology  and 
physiography  "of  northwestern, 
C.  A.  While,  (rev.),  vll,  57;  Fish 
remains  in  lower  tellurian,  C.  D. 
Walcott,  (p.s.n.).  vll,  208;  ditto, 
(ed.  com.),  vll,  329;  Fuel  resour- 
ces. A.  Lakes,  vlil,'7;  Supposed 
Trenton  lish,  (ed.  com.),  vlll,  17S; 
Sphoniliiic  crystallization.  Cross 
and  Iddings,  (*fd.  com.),  vlll,  387; 
Llama  remains,  F.  W.  Cragin.  ix, 
257;  l*eculiar  schists  near  Sallda, 
Cn>ss,  (rev.>,  xl,  120;  Geology 
and  we.siorn  ore  deposits,  A. 
Lakes,  (rev.),  xll,  261;  Sandstone 
dikis  in  granite.  Cross,  (abs.), 
xill.  215;  New  Llrlodendron  from 
tlie  Laramie,  Hollick.  (p.s.n.), 
xlv,  203;  p]rosion  interval  be- 
tween Tertiary  and  Quaterna- 
ry, G.  L.  Cannon,  (p.s.n.),  xlv, 
40»'.:  Now  CretaceouH  genus  of 
Clypeastridiie.  F.  W.  Cragin,  xv, 
90;  Fossil  llshes  of  Canyon  City, 
(od.  com.),  XV,  121;  Natural  gas  ai 
Manitou,  Wm.  Strlebly,  (rev.), 
xvl,  116;  Post-Laramie  deposits, 
(rev.),  xvl,  120;  Cripple  Creek 
gold  mining  district,  J.  F.  Kemp, 
(abs.).  xvll,  193;  Uranite,  I*earce, 
(rev.).         xvll,  396;  Lacco- 

litic  locality.  G.  K.  Gil- 
bert and  W.  Crj>ss,  (abs.),  xvll, 
407;  I'nderground  water  in  Ar- 
kansas valley.  G.  K.  Gilbert, 
(r«.'V.).  XIX,  .')7;  Sandstone  dikes 
of  th(^  Utt!  p.'iss.  Crosby,  (p.s.n.), 
XX.  <;;.S;  Tourmaline  and  tourma- 
line selii.>^ts.  H.  P..  Pattnn.  (rov.), 
xxil,  2.'1 ;  .\r('h«'an-Potsdam  con- 
tnct.  \V.  ().  C'rosViy,  (rov),  xxlll, 
92:  Geoloi^y  of  t>ie  A.^pen  mining 
distTlct.  J.  K.  Spurr.  «r:'V.),  xxlv, 
:;<■>: :  T<'llurl<ies  lYoni.  C.  Pal:ieliP. 
(rr'v.).  xxvii,  isl:  Thomsonlte. 
Tii'solilo  and  oh.'il)'i7-i1»*  fiom  (Jold- 
en.  H.  P.  P.ilt«in.  »re\'.).  xxvli. 
IS.T;  Carnolite  ;ind  associated 
v:ni:ulit'«"rou^  miriei'als.  llill«'brand 
.-ithI  HMUsome.  (lev.),  xxvli.  1^'r, 
Grnniti«"  n>eks  of  tin-  Pike's  rn:\k 
riuadran^l".  K.  P.  M:itthews, 
(lev.),  xxvii.  L'."4:  A  real  uroolouy 
of  the  C;istle  Koelc  rejrioTi.  W. 
T.  Le»'.  xxix.  9»'. ;  Ciadodus  from 
the  I  )rv(^iii  tn.  (").  P.  liny,  xxx, 
373;  On'  deoosits  in  all  forma- 
tion's, xxxl.  .T2»':  Coal  on  Turkey 
creek.  (T>s.n.>.  xxxil.  132:  Unne- 
ins?  vnlleys  of  Georget(»wn.  W.  O. 
Crosby,  xxxll.  42:  Geologj'  of 
Wi'stern    ore    deposits,    A.    Lakes, 


(rev.),   xxxvl,   319. 

Colorado  finmaiion  and  its  inverte- 
brate fauna,  T.  \V.  Stanton, 
(rev.),  xlv,  ol. 

Colorado  river  of  Tex<nis,  geologi- 
cal history,  R.   T.   Hill,    ill,   2S7. 

Colorado  Scientific  Society,  (p.s.n.), 
xvl,  68. 

Color  of  soils  of  high  and  low  lat- 
itudes,   W.    O.    Crosby,    vlll,   72. 

Color-scheme,  Int.  Cong.  Geol.,  if 
95. 

Colossal  cavern,  Kentucky,  H.  C 
Uovey,  (abs.),  xvlll,  228;  Bridges 
of  Utah,   (ed.  com.),  xxxlv,  189. 

Columbian  exposition,  (ed.  com.), 
geological  maps  at,  xll,  250;  Ex- 
hibit of  petroleum,  xii,  823;  Ex- 
hibits in  the  mines  and  mining 
building,  xll,  376;  Additional  mod- 
els, W.  M.  Davis,  xll,  340;  (ed. 
com.).  Gems,  native  metals  and 
other  rare  minerals,  xlll,  415; 
Harvard  university  geological  ex- 
hibit, xlll,  279;  Pleistocene  geol- 
ogy, xll  I,  109;  Me.cozoic  and  Ter<«. 
tiarj'  exhibits,  xlll,  185;  ditto,  T. 
W.  Stanton,  xlll,  289;  Mineralogy 
and  petrography,  G.  H.  Williams, 
xlll,  345;  Ores  of  the  noble  and 
useful  metals,  (ed.  com.),  xlH,  48; 
Vertebrate  paleontology,  John 
Eyerman,   xlll,   47. 

Columbia  formation,  McGee,  (rev.), 
II,  130;  Distribution  on  the  At- 
lantic slope,  N.  H.  Darton,  (abs.), 
xl,  244;  in  northwestern  Illinois. 
O.  li.  Plershey,  (abs.),  xlv.  203; 
ditto,   O.  H.   Hershcy,  xv,  7. 

Columbia  university,  summer  school, 
JI.  W.  Shinier,  xxx,  69;  (p.s.n.), 
xxx,  202,  271,  336;  Fall  excursions, 
H.  W.  Shimer,  xxxl,  62;  Summer 
field  work,  H.  W.  Shimer,  xxxll, 
130;    (p.s.n.),   xxxll,    197.    259. 

Comanche  formation.  (Am.  Com.), 
II,  263;  Iv,  357;  of  the  Texas-Ar- 
kansns  region,  R.  T.  Hill,  (rev.), 
vlll.  2o9:  the  Mentor  beds,  a  Com- 
nnehe  terrane  in  central  Kansas, 
F.   W.   Cragin.   xvl,  162. 

Ccmatula  from  tlie  Florida  reefs,  F. 
Springer,    xxx,    9S. 

Commemorative  tablet  of  the 
American  Association  for  the  Ad- 
vnncoment  of  Science,  (ed.  com.), 
xxix,    178. 

Common  zeolites  of  the  Minnesota 
sh'tre  of  lake  Superior,  N.  H. 
Winoboll,    xxill,    176. 

Composite  generic  fundamcnta,  J. 
M.    Clarke,    xiil.    2^6.   . 

Companions  of  Eozoon,  (ed.  com.), 
Ix,    53. 

Comparative  taxcmomy  of  the  rocks 
<if  the  i;ike  Superior  region,  T^. 
il.    Winohell.    xvl,   331. 

Comparison  <if  Pleist<»cene  and  pres- 
ent ire  sheets.  Upham,  (rev.), 
xll,    119. 

Complete  geography,  supplement  by 
W.  M.  r^rivis  on  Now  England, 
(rov.).    xvll,    32S. 

Comstock,  F.  M..  Wave-formed 
cusp  at  lake  (e-iirgo.  N.  Y^  xxv 
ir'2:  Small  eskc!  in  western.  N.  Y., 
xxxli,  12;  AinMent  lake  beaches 
in  Georgi.Mn   bay.   xxxlll,  312. 


Index,   I'olumcs  I-XXXJ'L 


Comstock,  Theo.  B.,  Mineral  re- 
sources of  Arkansas,  (rev.),  iii» 
2«'y;  (p..s.n.).  V,  125;  (p.tj.n.),  vhi, 
19fi;  E.  W.  Claypole,  the  scientist, 
xxix,  1. 

Conanicut  isljiind.  R.  I.,  Geolo^  of, 
G.    U   Collie,    (rev.),   xv,  3S6. 

Concannon  farm,  Plointocene  geol- 
opy.   N.   II.    WirK'hell.   xxxl,  2(53. 

Concno  county,  GcokiKical  survey 
of,  Cummins  and  Lerch.  v,  321. 

Concrete  examples  of  topo>jraphy 
from  ]I(nvard  Co.,  Iowa.,  fci.  Cal- 
vin,  XXX,   370. 

Concretions  in  the  Chemung  of 
southern  New  York,  E.  M.  Kin- 
dle,  xxxiil,  3G0. 

Condensation  and  connapration  the- 
ories- of  the  sun's  heat.  J.  H.  Ked- 
2ie,    (rev.),    Iv,   1S2.   183. 

Conditions  of  accumulation  of 
drumlins,  Upham,  x,  339;  of  ero- 
sion beneath  deep  glaciers,  N.  S. 
Shaler.  (rev.),  xii,  lUl;  of  ripple- 
mark  formation.  T.  A.  Jaggar,  Jr., 
xili.  199;  and  rfTects  of  the  ex- 
pulsion of  ^;:i.s«'s  fifim  the  Inte- 
rior of  the  »\arth.  N.  S.  Shaler, 
(abs.),  xvi.  244. 

Condon,  Thos..  Two  islands  and 
what  came  of  them,  (rev.),  xxxvi. 

Condra,  G.  E.,  New  Dryozoa  from 
the  Coal  Mea.<!ures  of  Nehra.ska, 
XX,  .^37;  on  llhombopora  lepido- 
dendroidcs,  (Meek),  xxxl,  22;  an 
old  ri.itte  channel,  xxxl,  361;  (p. 
s.n.).  xxxiv,  C7. 

Cone  In  cone  in  the  Devonian  In 
Pennsylvania.  W.  S.  Gresley. 
(rev.),   xiv,  399. 

Confounding  of  Nassa  trivlttata  and 
N.  peralta,  G.  D.  Harris,  vlll,  174. 

Conglomerates  in  gnelsslc  terranes, 
A.  Winchell.  ill,  153.  25fi:  in  New 
England  gneisses,  C.  H.  HUch- 
cock.  Ill,  253;  Dikes  In  southern 
y'Vrlzona.  M.  R.  (7ampbell.  xxxilb 
13r,. 

Congress.  Int.  of  Geol..  p.  Frazer. 
i,  S,  srj:  Proceedings  of  the  Paris 
me*  ting.  i.  «>:  of  th^  B«^logne 
mep-ting.  I.  S7:  ((f  the  Berlin 
meeting,  I.  93:  Nomenclature 
adopted  for  rufk  masses,  etc..  i, 
90:  for  species.  I,  91:  (.\^lor  scheme 
for  maps.  i.  97;  London  meeting, 
reports  of  the  Am«'rican  ci'mmit- 
tee.  ii,  139;  ditto,  iii,  3.'3:  P.  Fra- 
zer.  iv,  44;  Philadelphia  meeting, 
Frazer.  v,  2n.s;  p.erlln  meeting. 
r*»port  of,  (rev.),  il,  431;  (p. s.n.). 
xH,  131;  Reviews  of  the  Ice-age 
at  the  World's  Contrress  on  Get»l- 
ogj'.  xll,  223;  ditto,  xii,  271: 
Int.  Cong.  Geol..  St.  Pet- 
''rsburg  mectlner.  (ed.  com.),  xix, 
34  4;  xxi,  123:  Finl-inil  excursion. 
F.  Bascom.  xx,  339:  Eighth  ses- 
.«l(m.  (Pnrl.s).  P.  Fr^^zer.  xxvll, 
33.%;   Nintli  session,   xxxiil,  r»l. 

Connecticut,  Trinssic  in  the  Con- 
necticut vrilky.  W,  M.  Davis, 
(rev.).  Iv.  112:  Fi>lie.*i  .Tn<]  plants 
of  the  Tri:is^ii\  .T.  S.  Newborry. 
(rev.),  Iv,.ls7;  Two  belts  of  fos- 
sillferous  black  shale  In  the 
Trlassie.  Davis  and  I^jper.  (rev.). 
vlll,    118;    Ice    sheet    on    Ncwton- 


vllle  sand  plain.  F.  P.  Gulliver, 
(abs.),  xll,  177;  Eastern  boundary 
of  the  Triassic.  W.  M.  Davis, 
(abs.).  xiil,  145;  Quarries  in  the 
lava  beds,  W.  M.  Davis,  (rev.), 
xvll,  189;  Physical  geography. 
W.  M.  Davis,  (rev.),  xvil,  250; 
Quartz  vein  near  Mystic.  J.  F. 
Kemp,  (abs.).  xvlll,  63;  Triassic 
tufl-beds  and  pitchstone,  iJ.  K. 
Emerson.  (abs.),  xvlll,  220; 
Thames  river,  F.  P.  Gul- 
liver, (rev.),  xxlll,  104; 
Granites  on  the  north  shore  of 
Long  Island  sound,  J.  F.  Kemp, 
(rev  ).  xxill,  10.');  Granites  of 
southern  Rhode  Island  and  Con- 
necticut. J.  F.  Kemp,  (rev.),  xxv, 
122;  ditto,  (rev.),  xxvll,  51;  Gran- 
ite-gneiss area  In  central.  L*.  G. 
West  gate,  (rev.),  xxvll,  121;  New 
footprint  from  the  Connecticut 
valley.  J.  A.  Cushman,  xxxiil, 
154. 
Conrad's  Tertiary  fo.««sils.  proposed 
reprint,  (p.s.n.),  xl,  282;  Dall's 
collection    of    Conrad's    works,    G. 

D.  Harris,  xl,  279;  Republication 
by  G.  D.  ]larris,   (rev.),  xii,  60. 

Considerations   Bur  Ics  fosslles   de- 

crlts  comme  Algues,  G.  Maillard. 

(rev.).    II,  54. 
Consolidation      of      the      American 

Geologist  with  Economic  Geologj', 

(ed.    com.),    xxxvl.   309. 
Contact     of     the     Launniian     and 

Iluronian     north  of  lake  Huron,  A. 

E.  Barlow,  vi,  19;  Metamorphism 
of  the  Palisades  diabase,  J.  D.  Ir- 
ving, (p.s.n.).  xxl.  39S;  Phenom- 
ena of  the  Palisade  diabase.  J.  D. 
Irving,  (rev.),  xxvll,  53:  Metamor- 
phism of  a  basic  igneous  rock, 
tl.  S.  Grant,  (rev.),  xxvll,  51; 
Physical  effects  of  contact  meta- 
morphism, J.  Barrel!.  (rev.), 
xxlx,   313. 

Continental  area  of  the  Devonian. 
(Am  Com.),  H.  232:  Divide  In 
Nicaragua,  C.  W.  Hayes,  (rev.), 
xxll,  253. 

Continental  glacier,  effect  of  pres- 
sure. A.  Winchell.  I.  139. 

Continental  problems.  G.  K.  Gil- 
bert,  xii.  IIS; 

Continuity  of  the  Glacial  perlori. 
Dr.  Hoist  on.  G.  F.  Wright,  xvl, 
396. 

Contributions  to  the  paleontology'  of 
Brazil.  C.  A.  White,  (rev.).  I, 
257;  to  micropaleontology,  E.  O. 
Ulrlch.  (rev.),  v,  107;  to  Canadian 
paleontology'.  J.  F.  Whiteaves. 
(rev.).  V,  lOS;  to  the  geology  of 
the  .<5outhwest.  R.  T.  Hill,  vll, 
119.  254:  to  Invertebrate  paleon- 
tology. R.  P.  Whitfield,  (rev.),  vll, 
3S2:  to  the  geology  of  the  great 
plains.  Robt.  Hay.  (rev.),  xl.  56; 
to  the  Invertebrate  paleontology 
of  the  Cretaceous  rf  Texas,  (rev.), 
xlll,  124:  (clt.),  xlll,  2^9;  to  the 
knowledge  of  the  pre-GlacIal 
drainage  of  Ohio,  W.  G.  Tight, 
(rev.),  xlv,  ISS:  to  the  minera- 
logy* of  Wisconsin.  W.  H.  Hobbs. 
(rev.),  xvl.  263;  to  the  Cretaceous 
nalenntoli^iO'  of  the  Pacific  coast, 
T.    W.    Stanton,    (rev.),    xlx,    63; 


28 


The  American  Geologist. 


December,  1905. 


a,  I'etude  des  terrains  sedimen- 
talres,  (rev.),  xxil,  388;  to  the 
study  of  contact  metamorphism. 
J.  M.  Clements,  (rev.),  xxlv,  i 
2r»4:  to  the  geology  of  Fox  river 
valley,  S.  Weldman,  (rev.),  xxlv, 
257;  to  the  geolog>'  of  the  north- 
ern Black  hills,  J.  D.  Irving, 
(rev.),  xxvl,  322;  to  the  geology 
of  Maine,  H.  S.  Williams  and 
H.  E.  Gregor>',  (rev.),  xxvll,  256; 
to  the  Tort  la  I  y  fauna  of  Florida. 
W.  H.  Dall,  (rev.),  xxvll,  17D; 
to  th'*  natural  hl.story  of  marl, 
C.  A.  Davl«.  (rev.),  xxvll,  186; 
to  mineralogy  and  petrography, 
Pen  Hold  and  Pirsson,  (rev.), 
xxvill,  322;  to  the  petrography  of 
John  Day  basin,  F.  C.  Calkins, 
(rev.),  xxxl,  54;  to  mineralogy, 
J.  Ryerman,  xxxiv,  43;  to  De- 
vonian paleontology.  Williams  and 
Kindle,    (rev.),    xxxvl,    40.  i 

Conuiaria   mis.souriensis.    S.    Calvin, 
V.    207. 

Cook,  Geo.  H..  Report  <  n  the  Meso-  . 
zoic,  (Am.  Com.):  Sketch  of,  by  ' 
Smock.  Iv,  321. 

Cooke,  J.    P.,   Experiments   in    fun- 
d  imental    chemistry,     (r.ev  ),     lx» 

Coon  butte,  Arizona,  <ed.  com.),  : 
xlll,   115.  ' 

Cooe,  E.  D..  Sketch  of  F.  V.  Hay- 
df'M.  I.  110:  Vertebrate  remains 
from  P.razll.  I.  257;  Report  on 
rlie  Interior  Cenoz«>Ir.  (Am.  Com.) 
II.  2S5;  R<*port  on  the  Mesozolr. 
(Am.  Com.),  II.  261:  (p.s?.n.),  v, 
«2.  3S7,  3Ss;  Ecpiivalence  of  the  ; 
E  luus  and  tho  Mepalon>TC  beds, 
(Pit.),  vll,  345fn.:  Cranial  char- 
acters of  Erjuus  excelsus.  (abs."). 
vlll.  231:  Pleljstorone  p.ileontology. 
rnhs.).  vlll.  243,  24S.  40 J:  Value  of 
vf  rtcbrrites  for  r»urT»os»-.<  of  c'lrre- 
latinn.  (abi!.).  vlll.  2."».". ;  Vertebrate 
from  the  'IViti.'iiy  nnd  Cret.i- 
eeou>^  rook.«  lif  th»'  north\v<^st  t*^r- 
ritory.  rC.Mn.ifln^  'rev.),  vlil.  32«'^; 
New"  fisln-s  from  S.  l>ak..  frev.). 
Ix.  r.7:  Pn^hl.^torio  horses,  (ps. 
n  ).  Ix.  '^7:  In  the  Texas  panhan- 
i\h\  x,  131:  (p..<?.n.).  X,  196:  Paleo- 
lithic man.  <p..«.n.),  xll.  6*; 
^eit.).  xvl.  256:  (p.s.n.).  xvlll.  5:^ 
21^:  (oliit.^.  xlx.  .^61:  Sketch  by 
Tr<l<^n  D.  Kini?.  xxill.  1;  T.ife  and 
lott'-rs,  \\  Frazer.  xxvl,  67:  Catn- 
lf>u^\io  (if  liis  p»iblie:ttion.s,  1.^50- 
T^'*7.     P.     Fraz^-r.       (r^'V  ).       xxxl, 

Copper-bearing   ro«'k.<.    Name   of,   I". 

S.  Orant.  xv.  ll»2. 
Cooper     (I«i>ii.-iti..ti.     'riiemy     of.     A. 

(^      I/ii'i'.     xxxiv.    *J'<7:     Ilandlmok 

H.   .7.    Sti'vcns    (r«-\'.).    xxxvl.   1^7. 
Copper  (l»T>o.~iis   ill   T'lmada,   R.   P»^ll. 

(r.n-  ).  vll.  261. 
Cooper    in    tin-    Anlrnlki*-    r<^eks.    A. 

C.    T>'«\vson.    V.    174:     In    tlu'    iron 

r^lnoc    'it    SoiMl.'in.    ]\^inn..    ip.sn.), 

xxi.   ?'.\2\    Nntivr.   in    nklnlior^iri;    E. 

Ha^MT'tli.    <  p.s.n.).    xxvl.    I'U". 
Cooper    mi'ierals.    N'ote    «»n    r'..rtain. 

A.    X.    Winehell.    xxvlii.    244 
Coooer   mines   of   Rio   TInto.    Spiln. 

James   Douglas,    (abs.),   xxix.  192.    I 


Corals  described  by  D.  D.  Owen 
in    1838,   S.   Calvin,   xii,   108. 

Corals  and  coral  islands,  J  D.  Da- 
na,   (rev.),    vll,    57. 

Coral  formations,  Darwin's  theory. 
I,  212;  Murray's  theory.  I,  IIJ, 
213;  Some  new  contributions  to 
the  discussion,  (ed.  com.),  I.  321; 
Hicks.  L.  E.,  The  reef  builders, 
(p.s.n.),    vll,    389. 

Cordlerite  and  its  associates.  Nat- 
ural history  of,  J.  J.  H.  Teall, 
(rev.)     xxv     384 

Cordllleran  geological  club,  (ps.n.): 
xxlll,  273. 

Cordillera  and  Laurentide  glacia- 
tion.   R.  Chalmers,  vl,  324. 

Cordllleran  paleozoic  sea  and  its 
sediments.  C.  D.  Walcott.  xll, 
357. 

Cornell  college.  Iowa,  Dept.  of  Ge- 
ology,  (p.s.n.),  xxlv,  391. 

Cornell  summer  school  of  field  ge- 
ology. C.  E.  Smith,  xxx,  396. 

Correlation  of  the  I^wer  Silurian. 
E.  O.  I'lrich.  I,  100,  179,  303;  Dit- 
to. II,  39:  Of  the  stages  of  the 
Ice  age  in  North  America  and 
Europe.  Warren  Upham.  xvl,  100. 

Correlation  of  Warren  beaches  with 
moraines  and  outlets  In  souths 
western  Michigan,  F.  B.  Tay- 
lor, (abs.),  xvlll,  233;  Of  mo- 
raines with  beaches  on  the  bor- 
der of  Lake  Erie,  F.  Leverett, 
xxl.  195;  In  the  Ozark  region:  a 
correction.  O.  H.  Hershey,  xxlv, 
100:  Of  the  sub-divisions  of  the 
Coal  Measures  of  Kansas.  C.  R. 
Keycs,    xxv,    347. 

Correlation:  Orotaxis  a  method  of, 
C.    R.    Keyes.    xvlll,   289. 

Correlation  papers:  Devonian  and 
Carboniferous.  H.  S.  Williams, 
^rev  ).  Ix,  5S;  Cambrian,  C  D. 
Walcott.     (rev.).     Ix.    203:     Creta- 

•  ceous,  C.  A.  WTiIte.  (rev.),  x, 
121,  xll,  39S;  Eocene.  W.  B. 
Cl.nrk.  (rev.),  xll,  399:  Neocene, 
Dall  nnd  Harris,  (rev.),  xll,  399; 
Newark  .<?yst«^m,  T.  C.  Russell, 
(rev.>.  xll,  402;  Cretaceous.  C. 
A.    White    frev.).    xll.    119. 

Corundum  In  North  Ciirollna,  J. 
H.    Pratt,    (rev.),    xxvl.    393. 

Coste.  Eugene.  RTines  and  mineral 
.statistics  of  Canada  for  1S87, 
(rev.).    V.    247. 

Cote  suis  dissein  and  Grand  Tow- 
t^r.    C.    F.    Marbut.    xxl.   86. 

Cov?"e     r     v..    rn.«3.n.>.    xvM     346. 

C'^xe.    E.    B..   (obit.),     xvl,  66. 

Cragin,  F.  W.,  New  or  little 
Viiown  saurian  from  Kansas,  il, 
404;  Cheyenne  sandstone  of  Kan- 
s.is.  vl.  233:  vll.  23.  179:  (p.s.n). 
vil.  270:  On  a  leaf-bearlnc  ter- 
raiip  in  the  Tynip  Fork.  vlll.  29; 
0».s.n.),  vlll.  63:  Observations  on 
tlu'  gtMius  Trinacromerum,  vlll, 
171:  < p.s.n.).  xll,  342:  Contribu- 
tion to  the  Invertebrate  paleon- 
tojojry  «^'f  the  Te.vns  Cretaep(ms. 
(rov.i.  xlll.  124:  New  fossIN  of 
the  Neoromian  of  Kansas,  xlv.  1; 
A  ii«^\v  (^retaeeoPs  genus  of  Cly- 
peaslridae.    xv.    90;    The   Mentone 


Index.   I'olumcs  I-XXXVI. 


29 


beds,  a  cc-ntral  Kansas  tt.TraiK*  of 
the  Comancln*  s«Ti«-s.  xvl,  ic*'!: 
A  stiuly  of  the  I^'lvidtre  beds, 
xvl.  357:  The  plains  l»crmlan. 
xvlll,  131;  Obsirvatlons  on  the* 
Cimarron    s«.rlts.    xlx.    Sril. 

Crandall,  A.  R.,  Whitely  and  Pu- 
laski counti«-s,  Ky.,  crov  ).  vll, 
331. 

Crandall  and  Hodge.  rr)al  f.i*lds  of 
southeastern  Kentucky,  U'^-v..),  i> 
65, 

Crater  lake,  Oregon,  (p.s.n.).  xvlll, 
5H. 

Crane,  Agnes.  Generic  evolution  of 
paleozoic  brachiopods,  xl,  400: 
EvnlutlMM  of  the  Hrachlopnila 
(rev.),    xlll.   l'J4. 

Crawford.  J.,  Geological  survey  of 
Nicaragua,  vl,  377;  Recent  earth- 
quakes in  Nic-aragua.  vll,  77:  Neo- 
lithic man  in  Nicaragua,  vlll,  100; 
The  Vii^jo  range  nf  Nh-aratjua. 
vlll.  190;  Evldenc«*  of  a  Glacial 
epocli  in  Nicaragua,  vlll,  300; 
Notts  on  earthiju.'ikes  in  Nica- 
ragua, X,  11  fi;  Uii'ent  severe  seis- 
mic disiurbaiKM's  in  Nicaragua, 
xxil,  .')0:  DecTC'iM*  (»f  water  in 
lake  Nicaragua,  xxvl,  257;  Heavy 
rains  and  pnssibh*  volcanic  action 
in  Nicaragua,  xxvlll.  32s;  Earth- 
quakes in  Nicaragua,  xxlx,  323. 
303:  List  of  the  most  important 
volcanic  «'ruptions  and  earth- 
quakes in  western  Nicaragua 
within  hlstr»rlc  time,  xxx.  111.  395; 
Rignon   de   la  Viejo.   xxx,   K50. 

Crawford,  J.  J.,   (p.s.n.),  xvll,  59. 

Credner,  H.,  «<lt.).  vlll.  i:41,  240; 
fp.s.n).    xvl,    S27. 

Cresson.  H.  T..  and  the  Delaware 
river  dwellings.  S.  1).  IN^t.  v.  190. 

Cretacic  iii  An^<'rlca.  <Am.  ('<'m.), 
II.  2'9.  20.T:  Fnramitjifiril  (.rigin 
of.  R.  T.  Hill.  Iv.  174:  l>NcMV<ry 
<if  m:immal>  in.  in  Wynming  and 
pTkfitn.  O.  C.  Mar-h.  (nv.).  Iv, 
109;    Pis'^'>v«Ty    cf    th»'    CcratoTi^i- 

•     dae  by  Prof.  >Iar-h.  (rev.),  v.  IM. 

Cretaceous  and  Tcrlinry  nf  S»  r- 
gipe- A  logons  brisiTi  <'f  P.iizll.  J. 
r.     PraTiiifT.     ir«-v.>.     vll.     121. 

Cretaceous  i»f  Texas.  K.  T.  Hill,  vl, 
252:  Pll't  Kr.nb.  T-vas.  inMrln** 
volcano.  Tl.  T.  Hill.  vl.  2^'*:  Near 
Wilmington.  N.  C..  T.  \V.  Stan- 
ton, vll.  ?^\?r.  Of  <'alif<irnia  an<1 
Oregon.  G.  V.  V*^rVi>T.  «r*'V.')  vll, 
25S;  Cov«ring  of  th<-  Pal«"z<'lc  in 
Tf-x^s.  II  S.  Tarr.  Ix.  109;  of 
Mexico.  Hiilprin.  <rev.).  x,  121; 
I^ramie,  The  closr-  i)f  th^-  Gr*-- 
f^ceous,  rro«'^.  (r«v.>.  x.  250;  Of 
Inw.a  and  t}io  sJib-divisltms  of 
Meek  and  H-Mydm.  xl.  "00;  Of 
northern  rallfornla  ptmI  <MM-irftn. 
J.  S.  Dlllor.  (ri'v.  >.  xil.  119:  o..r- 
relatinn  nipi-r.  ('.  \.  \Vbil<-  (rt-v.). 
X.  121.  xll.  119:  Of  nnTth«rn  ^^i'- 
nesota.  TT.  V.  WliM-h.-ll.  xil.  220; 
Fossil  pla?its  fi'itn  Mi".- 

nejBOt-'i.  T.f'S'pK-r'iiv.  n«v/>.  xll. 
.?30:  Fossils  ("nll.i-if-d  liy.Tanvs 
^3r^rXor  In  Priti'»i  N  .\n)iri'-i.  It-. 
1«?;7-00.  J.  F.  Whit.-iv.--  Jal's.». 
xlv,  0.<i:  N«^w  t:«?nis  nf  <'lyiM-i<- 
trldae.  F.  W.  Gragin.  xv,  90;  Fos- 


sil plants  from  Minnesota,  L.  Les- 
quereux,  crev.),  xv,  3s4;  Plants 
from  Martha's  Vineyard,  A.  Hol- 
lick,  (rev.).  xvi.  2o5t;  Fos-s^il 
sponges  in  the  flint  nodules  of  the 
Lower  Cretaceous.  J.  A.  Merrill, 
(rev.),  xvli,  52;  Clay  Marl  at 
Cliffwood.  N.  J  ,  A.  Holiick,  (abs.). 
xvlll,  230;  Paleontoliigy  of  the 
Pacific  coast.  T.  \V.  Stanton,  xlx, 
63;  Coast  ranges,  Age  of,  F.  L. 
Ransome,  xlx,  06;  Clay  and  marl 
at  Cliffwood,  N.  J.,  xx,  137;  Cre- 
taceous fossils  in  the  Eocene  of 
Maryland.  U.  M.  Bagg,  Jr,,  xxib 
370;  Age  of  the  Amboy  clay  se- 
ries, as  indicatf^l  by  Its  flora, 
A.  Holiick,  (abs.),  xxli,  255;  Fora- 
minifera  c»f  New  Jersey,  U.  M. 
Bagg.  Jr.,  (rev.),  xxlll,  120;  Low- 
er, of  Kansas,  C  N.  Gould,  xxv, 
10;  Of  Texas.  R.  T.  Hill,  (rev.), 
xxx,  3S4;  In  Greece  and  Cren*.  L. 
Cayeux.    xxxl,    3s0. 

Crete,  Jurassic  and  Cretaceous,  L. 
Cayeux.    (rev.),   xxxi.  3S0. 

Crinoldea.  nioditlcatlons  in  classl- 
licati».n,  Wachsmuth  and  Spring- 
er, (rov.).  III.  200;  P>om  the  Ni- 
agara Llin«s!i»n»-.  ('.  S.  IW-achler. 
Iv,  1".'2;  Rejiublicatlon  of  L.<:)wer 
Carboniferous.  Whitfield,  (rev.), 
xlll.  12}. 

Crinoids.  Structure  of  c'rotalofrin- 
us,  Wachsmuth  and  Springer, 
(i*v.).  nl,  2<ii:  l;aincrinus  cal- 
vlni.  U.  R.  U)Why.  v.  140;  Agarl- 
cocrinus.  (.'.  H.  Gord«)n,  v,  2j)i; 
Of  the  Ni:;gara  at  Lockport,  N. 
Y..  E.  N.  S.  Kingiieberg,  (rev.). 
vl.  2'><.':  Work  of  Wachsmuth  and 
bpringer.  rii..'-.n.),  I.  132;  Summit 
I>lili-  «  f  bi.asttids.  crlnolds  and 
cystid.>.  W.o.•h^.^u^lh  and  Spring- 
er. Ml  v.  I.  I.  ''r.  N»-w  genus,  S. 
A.  Mill«r.  I.  20:;;  Natural  casts 
from  th.'  Huilington.  R.  R.  Row- 
Ky.  vi.  <'.<'i:  Siiuciurt-.  classillca- 
tl"Ti  ai.d  an  .itig«ni«  nt  into  fam- 
ilies. S.  A.  MllUr.  vl,  275,  340: 
Peri<"nii<'  pi  itt  s.  Wai-h.-niuth  and 
Spiiiig.  r.  (rtv.).  vll.  225:  Crltl- 
cisnj  of  S  A,  Milbr.  vll,  272;  Re- 
plv  of  I'.  H.  Carpontor.  vll.  SSO; 
\\\:u\  of.  ny«h«-.  X.  l.';i»:  li«-produc- 
ti..M  c.f  arms.  A.  F.  Fonste.  xll. 
270.  '.\\K)\  Krnm  Missuuii.  R«>wley. 
xil.  no.J:  of  GmI bland,  (rev.),  xlll, 
,';5.'. ;  And  brachlopuds  from  Mis* 
siiuri  H'milton.  xlll.  151;  Amer- 
ican. Wachsmuth  and  Springer. 
*T'S.Ti.».  xlv.  407;  Pr.Mcheocrlnus 
arni  Ticrpetocrhm.^.  liather,  xvl, 
2i:::  Wachsmuth  and  Springer's 
m«'i  oi:r  iph  (n-v.).  xxlv,  50;  New 
Gy-tiH-i  i!i<iidca!i,  F.  W.  Sard«'sim, 
xxlv.  2''.:'.:  Fiom  Mi^sonri.  R.  R. 
Piiwl- y.  xxv.  »'•.":  1  »cv'loji!n«nt  of 
Ag  .1  if"..ci iiius.  Mary  Kb'm.  (rev.), 
xxvl.  •'"'':  pi'ns  i?i  ilstul  ite 
cririoi.'v.  F.  SpriiiL'c?-.  xxvl.  l."^:i: 
New  diM'"Vcry  r'niM-'-rnimr  I'int"'- 
crinn^.  F.  ST>rIiiu:»r.  xxlv.  I'2; 
FriTTi  Mi-S'  uri.  Ili<wlcy.  xxv,  r7: 
Further  n«>tc  on  Fintacrinus.  F. 
Sprii!i:«r.  xxvl,  l!'t:  P«tres  in  thi» 
ventral    sac   of   fl.-^tulate    crlnolds. 
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F.  A.  Bather,  xxvl,  307;  Structure 
and  relailons  of  Lintaciinus. 
Frank  bprintjer,  (rev.;,  xxvni^ 
:iji>;  Aciinometra  from  the  i?ior- 
ida  rccib,  t\  bpringcr,  xxx,  US; 
;Sagenucrinus  and  Furbeisiuciiuuir, 
F.  bprlnger,  xxx,  Sb;  rscw  Cys*-, 
toidoa  and  a  new  Camarocrinus, 
C.  bchuchert,  xxxll,  230;  With  re- 
gard to  Fortago  (ed.  com.;,  xxxv, 
246. 

Crincids  and  blastoids,  R.  R.  Huw< 
luy,  rov.),  vlil,  Ibti;  Klastoids  and 
cystoiau  from  Misssouri,  Ic.  K. 
Kowley,    xxv,  ti5. 

Criteria  of  subglacial  and  englacial 
drift,   Warren   Upham,   vin,  616. 

CrSticai  noiico  of  the  stratigraphy 
of  the  Missouri  paleozoic,  liroad- 
hcad,  xil,  74;  Periods  in  the  his- 
tory of  the  Earth,  J.  LeConte, 
(rev.),  xvl,  317. 

Croii  ,Jame8,  on  pre-nebular  con- 
ditions, (cit.),  Iv,  201;  (obit., 
p.s.n.),   vll,  207. 

Croli's  Theory  redivivus,  (ed.  com^), 
xxvil,   174. 

Crook,  A.  R.,  Geological  causes  of 
the  sceneiy  of  the  Yellowstone 
park.  XX,  159;  iJiographical  sketch 
of  Oliver   Marcy,   xxiv,   G7. 

Cozzens,  issachar,  Jr.,  Biographical 
sketch,   A.    W.    Vogde?.    xxiv,  327. 

Crosby,  W.  O.  Tables  for  the  de- 
termination of  mineials,  (rev.;, 
II,  340;  Finer  portions  of  the  till, 
(p.s.n.),  v.  123;  C«ili»r  of  soils  ot 
high  and  low  latitudes,  vlil,  72; 
Origin  of  parallel  and  intersect- 
ing joints,  xll,  3Gy;  Geology  of  the 
Boston  basin,  (rev.),  xiii,  1U2; 
(cit),  xili,  20.');  Origin  of  pegma- 
tites, (rev.),  xill,  215;  Tables  for 
the  determination  of  minerals, 
(rev.),  xvl,  262;  Sea  mills  of  Ce- 
phalonia,  xvil,  2^5;  Englacial  drift 
xvil,  2o;i;  Glacial  lakes  of  the 
B'-ston  basin,  (p.s.n.).  xvil,  128; 
(with  M.  L.  Fuller),  Origin  of 
pegmatite,  xix,  147;  Sandstone 
dikes  of  the  Utc  pass,  (p.s.n.), 
XX,  OS;  Jlisiory  of  the  Blue  Hills 
Complex.  Boston  basin,  (abs.), 
xxli,  2«;3;  Glacial  lake  of  the 
Nashua  valley,  (rev.),  xxlli,  102; 
Areln'an-FuiMl.im  contact  In  the 
vir-iiiity  ,.f  Minitou.  Col.,  xxlii, 
•J2:  (»n  the  orij^in  of  phenocrysts 
mikJ  .ievtlnpnient  of  the  p^»rphyr- 
itic  stru'-tur*',  xxv,  20'.*;  Geolugic- 
nl  hl.st.-ry  <.f  the  Nashua  valley, 
(H'v.K  xxv,  2r.2;  T>s.n.).  xxvl,  39.S; 
Ge.il.iLry  of  tli«-  iJosti'ti  b.isin.  vol. 
i.  p.iit  iii.  ti<\-.».  xxvil,  1T:»:  ar«* 
tli«'  .'imy-rdaloiilal  mrl.iphyrs  of 
th«'  IWistnn  basin  intrusive  or 
C(Uitomp«>raiieous?  xxvil,  32 1 :  Ori- 
gin nf  tsk<rs.  xxx.  1:  Hanging 
valleys  df  Genrjji'towii.  PmI..  xxxII. 
42:  (p.sn.).  xxxil.  11«7.  :v^2;  Igne- 
ous rocks  of  tlip  li'wer  Neponset, 
Mass..    xxxvl.   .^4.    00. 

Cros.s-banding  <»f  strata  by  current 
;o"tinii.  .1.  IJ.  Woodworth.  xxvil. 
2S1. 


Crossing     the     Valdez     glacier     at 
Bates   pass,    W.   R.   Abercrombie. 
xxiv    34y. 
Crosskey,   H.  W.,   (obit.),  xlll,  75. 

Cross,  V^ hitman.  Close  of  the  Cre- 
taceous, (rev.),  x,  256;  Peculiar 
schists  near  Salida.  Colo.,  (rev.), 
xl,  120;  Sandstone  dikes,  (abs.), 
xiil,  215;  Diorite  of  the  Ophir 
loop,  (abs.),  xvil,  345;  (p.s.n.), 
xvil,    40S;    (p.s.n.).   xxxlil,   64. 

Crucial  points  in  the  geology  of  the 
lake  Superior  region.  N.  H.  Win- 
chell,  XV,  153,  229.  295,  356;  Ditto, 
xvl,  12.   <G.   150,  205.   269,  331. 

Crustacea,  Bibliography  of  Pale;>- 
zoic.  1698-1889,  A.  W.  Vogdea, 
(rev.),  vli,  379. 

Crystal  Falls  iron-bearing  district 
of  Michigan,  Clements  and 
Smyth,    (rev.),    xxiv,    308. 

Crystalline  rock  near  the  surface  in 
Pawnee  county.  Neb.,  F.  W.  Rus- 
sell.   I,   130. 

Crystalline  rocks  later  than  the  Ar- 
chnn,  (Am.  Com.),  ii,  164:  Crys- 
talline schists,  (p.s.n.),  il,  367: 
Recent  work  on,  by  Prof.  Judd. 
(ed.  com.),  iv,  177;  Rocks  of 
southern  California,  O.  H.  Her- 
shey,  xxix.  273;  Of  the  San  Ga- 
briel mountains,  Arnold  and 
Strong,  xxxv,  391;  Rocks  of  Mis- 
souri,  E.   Ha  worth,    (rev.),   ix,  55. 

Crystalline  schists,  relation  to  secu- 
lar rock  decay,  R.  Pumpelly, 
(rev.),  vil,  2.50. 

Crystalline  limestones,  ophiolites 
and  associated  schists  of  the  east- 
ern Adirondicks,  J.  F.  Kemp, 
(abs.).   XV,  (51. 

Crystallization.  Spherulitic.  (ed. 
com.),  vlll,  3S7, 

Crystallized  slags,  from  copper 
smelting,  A.  C.  Lane,  (abs.).  xv 
CS. 

Crystalloqenesis,  H.  Hensvoldt,  v, 
301.    375. 

Crystallography:  A  treatise  on  the 
morph'Mogy  of  crystals.  N.  Stor>'- 
Mnskelyne,  (rev.),  xvii,  53;  Ele- 
ments of,  Moses  and  Parsons, 
(rev),  xxvl,  323;  Elements  of,  G. 
H.   Williams,    (rev.).    Ix.   208. 

Crystals.  Characters  of,  A.  J.  Mos- 
es, (rev.),  xxlii,  389. 

Cuba.  Mineral  resources,  T^.  E. 
T.ev-y.  (rev.),  xxlli.  328:  Harriet 
C.  Brown,  (rev.).  xxxH.  1R7;  S"*>- 
nosed  union  with  Florida.  R*»- 
i'^lnder  to  Dr.  Dall's  criticism.  J. 
W.   Fpencer.   xxxiv,  110. 

Cnh;»nlte  nt  P.otte.  Mont..  II.  V. 
Winchell.     xxll,    24.'.. 

Culver.  G.  E.  Plans  for  irrigation 
in  I.^ikota,  (p.s.n.).  Iv,  3S9:  A  lit- 
tle kn<.)wn  re.gh^n  in  northwestern 
M<intana.  (rev.),  xl.  412;  The  ern- 
sivr  actl(m  of  ice.   (rev.),  xvl,  316. 

Cumlncis.  E.  R.,  (p.s.n.).  xxl.  74: 
r)rthnthetes  minntus.  n.  so.,  from 
the  i^;tle"'i  limestone  Of  Harrods- 
burcr.  In«l  .  xxvil.  147;  Revision  '^f 
e«^Tial!i     bryozoRn     genera,     xxlx, 
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197;  (p.s.n.).  xxxil.  331;  (and  C. 
S.  Prusser).  Waverly  froniiitlDns 
of  Central  Ohio,  xxxlv,  335;  De- 
velopnR-nt  of  Fonosulhi.  xxyv,  50. 

Cunnmins.  W.  F.,  Carboniferous  in 
Texas,  (p.s.n.).  ii,  i3i>;  On  the 
Concho  oouniry.  v,  321;  New  Car- 
boniferous coral,  Iladraphyllum 
aplatus,  (rev  ),  viil.  isT;  ^and  E. 
T.  Dumble),  The  Double  mountain 
section.  Ix,  317;  Keport  on  The 
Texas  .^urvey,  irev.),  x.  311;  Tu- 
cumcari  mountain,  xl,  375;  On 
Cerro  Tucumeari  (cit.).  xll,  103; 
cand  E.  T.  Dumblo),  The  Kent 
sectitjn  and  Gryphaea  tucumeari, 
xH,  30'»;  A  question  of  priority, 
XV.   3'j5. 

Curtice,  Cooper.  Oriskany  drift 
near   Washlngi«.n.    ill,   223. 

Curtis,  Geo.  C,  We.st  Indian  erup- 
tions of  iy02.  xxxl,  40;  Relief  of 
the   earth's    surface,    xxxil,    178. 

Cushing,  F.   L.,  (cit.),  xvl,  255. 

Cushing,  H.  P.,  Notts  on  the  Muir 
glacier.  Alaska,  vlll,  207;  Mr. 
Cushlni?  on  the  Muir  glacier.  G. 
F.  Wright,  vlll,  330;  (and  Weins- 
chenck).  Zur  genauen  Kentniss 
der  Ph(»nolithe  des  Hegaus,  (rev.) 
xl.  274;  The  fault.s  of  Chazy 
township.  Clinton  county,  (abs..), 
XV,  66:  Areal  geology  of  Glacier 
bay,  Alaska,  (abs.).  xvl  I,  61;  Dit- 
to, (rev.),  xvll.  331,  Are  there 
pre-Cambrian  and  post-Ordovi- 
cian  trap  dikes  in  the  Adiron- 
dacks?  (abs.),  xvll.  407;  Ditto, 
H.  P.  Cushing.  (rev.),  xvlll.  390; 
Note  f>n  hyporsthene-ande.eite 
from  mount  Edgecumbe,  Alaska, 
XX,  156:  Syenite-porphyry  dikes  in 
the  northern  Adirondacks,  (rev.), 
xxll.  3fi2;  The  boundary  of  the 
Potsdam  north  of  the  Adiron- 
dacks. (rev),  xxlll,  330;  Angite- 
syenite  north  of  I>)on  lake,  New 
York.  (rev.),  xxlll.  106.  330;  Deri- 
vation of  the  rook  name  anortho- 
site,  xxix.  190;  Geolopy  of  Rand 
hill.  N.  Y..  (rev.).  xxIx.  5S;  Geol- 
loglcal  work  in  Franklin  and  St. 
Lawrenco  connties.  N  Y.,  (rev.), 
xxxl,  1<^0;  Little  Falls.  N.  Y.. 
(rev.).  XXXV,  250. 

Cushman.  J.  A..  Now  fof)tprint 
from  the  Cr.nnerticut  valley, 
xxxlll.  154:  Plelstooen*'  forminife- 
ra  from  Panama,  xxxlll,  265:  Mio- 
cene barnaeles  from  Oayhead. 
xxxiv.  293:  Fossils  from  Sankaty 
head.    Nantucket,    xxxv.    194. 

Cusoate  forelands.  F.  P.  Gulliver, 
(abs.").  xvll.  9«^. 

Cycad,  A  new,  T.  H.  M' Bride,  xll, 
24S. 

Cycles  of  sedimentation.  J.  L.  Wil- 
liams,  vlll,  315. 

Cyclosphaeroma  trllflvitom.  H. 
Woodward.    'rev.V   vll.  1196. 

Czyszkowskl.  S..  D«-p^'-l^i'»n  ^f  ^*^^'^ 
in  South  .Afr?'^".  (Trnn-lnted  by 
H.    V.    Wlv^hein.    xvll,    306. 


Daimoneiix,  Remarks  on,  J.  F. 
Jamts,  XV,  337;  or  wnat?  ».fcu. 
com  ),  xvl,  113;  J.  F.  James,  x^i.i, 
193;'  Cast  of  burrow  of  rodent, 
Peterson,     (p.s.n.),     xxxlv,    268. 

Dakota  formation  (Am.  Com.).  Hf 
2C3 

DaKotas,  Artesian  water,  prelimi- 
nary report,  N.  H.  Darton, 
(rev.),  xlx,  274. 

Dakota  '1  In   Mim.-s.    (p.s.n.h   vl,   \<rl. 

L;aie,  T.  Ndscn.  The  Greylock  syn- 
clinorium,  vlH,  1;  Rensselaer  Grit 
plate-au.  (rev.>.  xlv,  54;  (with 
Pumpelly  and  Wolff),  Geology  of 
the  Green  mountains  In  Massa- 
chusetts, (rev.),  xvl,  386;  Struc- 
tural details  In  the  Green  moun- 
tains, (rev.),  xvill,  390;  (p.s.n.), 
xxvll.  327;  Structural  details  in 
the  Green  mountains  and  in  east- 
ern  New   York   (rev.),   xxxl,  58. 

Dale,  W.  F.,  (p.s.n.),  xvl,  67. 

Dall,  W.  H.,  Classification  of  tho 
Tertiary.  (Am.  Com.).  II.  2S2; 
Peace  Creek  beds  (rev.),  vll,  3S2; 
Collection  of  Conrads  works,  G. 
D.  Harris,  xl,  279;  Marine  Mio- 
cene shells  from  Okhotsk  sea, 
(p.s.n.),  xll,  342;  (and  G.  D.  Har- 
ris), Correlation  paper,  Miocene, 
(rev.),  xll,  399;  Appalachicola 
river,  Dall  and  Brown,  (rev.), 
xlll,  137:  Notes  on  tho  Atlantic 
Miocene,  (abs).  xlv,  202;  Contri- 
butions to  the  Tertiary  fauna  of 
Florida  (rev.),  xxvll.  179;  Struc- 
ture of  Diamond  head.  Oahu, 
xxvll.  386;  (p  s.n.).  xxxil,  331: 
Contributions  to  the  Tertiary  of 
Florida,  (rev.),  xxxlll,  49;  Ditto. 
C  Sehuchert.  xxxlll.  143;  Spen- 
cer's rejoinder  to  Dall's  criticism 
of  the  hvpothesis  of  the  I'nion  of 
Cuba  and  Florida,  xxxlv,  110; 
Hnrriman  expedition  (rev.), 
xxxlv.  122. 

Dalles  of  the  Wisconsin  (p.s.n. >. 
xxxlll,  396. 

Daly.  R.  A.  (p.sn.),  xx,  130;  (t^^s. 
n.).  xxlll,  206:  (p  s.n.).  xxv,  393; 
(p.s.n.").  xxvll,  129:  Calcareous 
concretions  of  Kettle  point 
(rev."),  xxvll.  253;  Physiography 
of  Acadia,  (rev."),  xxvll,  316;  (p. 
s.n."),  xxvlll.  134:  (ps.n.^.  xxIx. 
194:  N.  E.  coast  of  Labrador, 
^rnvv  xxIx.  256:  (p.s.n.).  xxx, 
306;  Variolltlp  pillow  lava  from 
x'o"  fniii'fiiMiid.  xxxil,  65:  fr»««.n\ 
xxxil,  332:  (p.s.n.).  xxxlll,  60; 
Secondary  origin  of  certain 
granites,    (rev.),   xxxvl,   312. 

Dana.  E  S..  Svstem  of  Miin-r-loEry. 
6th  edition,  mv.).  x,  64;  Textbook 
(rev."),  xxll.  32S.  ^ 

Dana.  James  D..  Views  on  the  Ta- 
conlf.  I.  165:  Darwin's  theory  of 
cornl  reefs.  I.  300:  (cit.).  on  Ta- 
conic,  ii.  69:  Nomcncl'iture  >' 
T.,ower  Pileozriic  (.Am.  Com  ).  II. 
19S:  Chnract eristics  of  volcino^^. 
(rev.),   vl,   191;    Definition    of   T\- 
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conic  mountains  (cit.),  vi,  247; 
Corals  and  coral  Islands  (rev.), 
vil,  57;  Walker  prize,  S.  Hen- 
shaw  ix^  40U;  (obit.),  xv,  336; 
Manual  of  Geology  (rev.),  xv, 
25'J',  (p.s.n.),  Proposed  memorial, 
xvl,  129;  Biogrnpbical  sketch,  C. 
E.  Bcecher,  xvll,  1. 

Danbyborough,  Vt.,  Camptonite 
dikes.  V.  F.  Masters,  xv,  368. 

Danzig,  E.,  Eruptive  nature  of  the 
gneisses  and  grranites  of  the  Mit- 
tclgebirge   (rev.),   ill,   151. 

Darton,  N.  H.,  A  jointed  earth  au- 
ger, vll,  117;  Mesozoic  and  Ceno- 
zoic  of  Virginia  and  Maryland, 
(rev.),  vlll,  185:  Fossils  in  the 
Lafayette  formation  in  Virginia, 
Ix,  181;  GuidL-  to  Baltimore, 
(rev.)  Ix,  210;  Traps  of  the  New- 
ark in  New  Jersey,  (rev.),  Ix, 
L'fiO;  Uecord  of  N.  A.  geology. 
1S87-SI>,  (rev.).  Ix,  342;  Central 
Appalachian  in  Virginia,  x,  10; 
Distribution  of  the  Columbia  for- 
mation (abs.),  xl,  1^4,  244;  Cen- 
ozoic  history  of  eastcrrn  Virginia 
and  Maryland,  (abs. ),  xil,  171; 
Green  Pond  to  Skunnvmunk, 
(rev.),  xlll.  211;  Faults  betwron 
the  Mohawk  and  the  Adiron- 
darks  iab^:j,  xlv,  IJ'S;  ( p.s.n.). 
XV,  67,  68;  Constal  pl^in  ^;L■ries 
(rev.),  xvl,  238;  Stratigraphic 
re.'^ume  (rev.),  xvl,  2'^^;  Lower 
CVxist.-il  plain  scrios.  (abij.>,  xvll, 
107:  Uosunu'*  (abs.).  xvli«  luS; 
Slronm  nib])Ing  in  the  Cat.skllls, 
(abs.).  xvll,  ys;  Geology  of  the 
Plnck  hills  (abs.).  xvll.  2«;4:  Ar- 
tesian water  of  the  Dakotas.  pre- 
llmlniiry  report,  (rev.),  xlx,  274; 
Developments  in  well  boring  and 
irrlgiition  in  South  IXikota. 
(rev.)  xxl,  325;  Fossil  li^h  in  the 
Jurn.ssio  of  the  Black  hills  (abs.), 
xxill,  S»3:  Mesoz<ti(;  strrit  iiirapljy 
in  s.  w.  Black  hills  Cabs.),  xxill, 
94:  Shoro  line  of  Tertlnry  lak^s, 
(abs.).  xxill,  04:  (and  F.  W. 
Clarke).  (.)n  a  hy<lri»mi(M  from 
Nt>w  Jorscy  (rev.),  xxiv.  1^2:  (p. 
s.n.).    xxvli,    3s8:    (p.s.n.).    xxxlil, 

♦;o. 
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Davenport  piil'lic  .^(luiolv..  natural 
^iiin<'f    in     (p.s.n. K     iv.     1!*2. 

David.  T.  W.  Edqeworth.  Vas'-in- 
blc  ri.'(k  'I'in  iniriinu'  1'k.IiI  ucv.). 
I.  22:  P«  rni<)-C;trb«'r.iffi..i]s  i^Ui- 
ciatinn    (r«v.  ».    xviil.    1^  ^■. 

Davidr.cn.  George,  'Ih'-  ulaciors  of 
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Forsler,  w.  G..  i  <n 
Fortyth- Major.   T.r 


V  1, 


1   Ihp    i 


be    leptae   of 


MoGee, 


llcirn  of  tlie  LiHkaiii  aroup,  (p.s. 
n.),  I.  133;  P..9  Pllncene  llmneld. 
Call,  I.  14G;  Of  he  Loess  a  Iowa 
cily.  Shimrk.  1,  U9;  Hange  of 
I-omer  Sllii  Ian.  nuch.  I.  00.  178 
ScejiTDpeifl  lind  Helopora.  I'Mch 
I.  i2S:  lT.-ti„-i-.)ii!i  MvertebrB*» 
fr.>ni       Unizll. 


(rev.l. 
nlllnlllCH 


Ptrti 


and 


of  IMihci'ln.  Nlrhol- 
<".>i,  <n-v.i.  I,  ;:.-..-;  Ni'w  R.'nuB 
■of  crnold.  from  the  Nl- 
Bsara.  8.  A.  Miller.  I,  303:  No- 
'    f'Kirliiniill    t'iKsllH, 


3;3:     H.|illllan     Imnts.     Lydekker. 

PKimmlVlmltes  and  other  IHlo- 
hli.s.  Mnlthew.  II.  1:  Of  111,.  Ta- 
c<.iil.-.  MiiiPMti.  II.  10;  Of  the  l^.w- 
er  i:<«il  Mcnmirn)  at  I>oa  Moines, 
KiyeK,  II,  33:  AlKitP,  Malllard. 
in'v.i.  II.  .'<4.  IlantH  iif  the  I^r- 
aniii',  Wiinl.  irGV.i.  Eli;  ArcheaD 
plfint  In  the  llmeHtimi-R  of  Susmpx 


IHnde,       _ „.. 

frnm  Splaherc.'n,  Hlnde,  (rev.). 
.  II.  12S:  Synciirlda,  Packard. 
tr.v.).  II,  iJl:  X.-w  trll- 
ol.lie  from  New  Pnuth  WalBii. 
Wuodwiird.  (rev.l.  II.  ]3»;  Rela- 
tlimsi  of  (he  relics  of  fussll  llsh. 
Tni.iii.Tlr.  (rev.>.  II.  133:  R<iznnn. 
I.i  It  oreanlc.  (Am.  cum).  II.  ITS: 
Paleoiolc,  Foerste  (r<'v.l,  111,  BO: 
FiBhPB.  piirchafiert  hy  Dr.  New- 
l"Tiy.  fp.ji.n.).  Ill,  St:  Wmd  and 
tlBnltPB  of  the  I'citom'ie  formnllon. 
F.  H.  Kniwlim.  III.  W;  Wiivcrly 
crniin  iinfl  liedfonl  nhale.  Ohio. 
M'Tilik.     111.    ni:    H'imn-'teoR    and 
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Gryphaea  pllcheii  Marcou.  Ill, 
188;  Ventral  structure  of  Taxu- 
criiius  and  liapluctinus,  Wach- 
smuth  and  Springer,  uev.),  iii, 
200;  Crotalocrinus,  structure  and 
zoological  position.  Wachsmuth 
and  Springer,  (rev.).  Ml,  :!01. 
Brachiospongidae,  Beecher,  (rev.) 
ill,  268;  Three  Kinderhook  fossils. 
Rowley.  Ill,  275;  Variation  exhib- 
ited by  a  Carbonic  gastropod, 
Keycs.    ill,   330. 

Dlphyphyllum,  Sherzer.  Iv,  93; 
Renmrkable  forms  of  Crinoidea, 
Beachler.  Iv,  102;  Hawksbury-Wi- 
anamatta  scries,  New  South 
Wales,  Etheridge  (rev.),  Iv,  lO'J; 
Tertiary  flora  of  Australia:  Et- 
tingshausen.  (rev.),  iv,  110;  Dis- 
tribution in  the  Loess,  Keyes,  Iv, 
119;  Fishes  and  plants  of  trhe  At- 
lantic Trlassic,  Newberry,  (rev.), 
Iv,  ls7;  Subgeneric  groups  of  Na« 
ticopsis,  Keyes,  Iv,  193;  Trinity 
formation  in  Arkansas,  Marcou, 
Iv,  361. 

Cainbru-Slhirlan  from  Manito- 
ba. Whitoavos.  (rev.),  v,  58;  Of 
the  Trinity  beds.  R.  T.  Hill,  v, 
62;  Invertibnite  from  the  Pacillc 
coast.  White  (rev.),  v,  109;  Plants 
from  the  Eriun  and  Carbonifer- 
ous. J.  W.  Dawson,  (rev.),  v,  ISO; 
Paleozoic  gymnosperm,  Dawson, 
(rev.),  V.  ISO;  Cretaceous  reptiles, 
O.  C.  Mrsh,  (rev.;,  v,  ISl;  Cat- 
alogue of  N.  Am.  paleozoic  Crus- 
tacea (nou-trilobitic),  Vogdes, 
(rev.),  V,  I5!i3;  Straparollus  from 
southeastern  Iowa,  C.  R.  Keyes, 
V,  I'Jo;  Conulara  mi.«Honri<.n.'-"Is, 
Calvin,  v,  207;  Provhiee  if  (.Que- 
bec mentioned  in  Dr.  Ells'  report. 
Ami.  (lev.),  v,  247;  Plants  in  the 
Raveiih«*ad  collection.  Kidston, 
(rev. »,  V.  24'J;  Agaricucrinu.^.  of 
the  K»M)kiik,  (Jordoii,  v,  257;  Ter- 
f'hellum  111  American  Tertiaries, 
Ilanis.  V,  315. 

lM;ity<e:n.s  and  CapuluH,  Keyos, 
vl,  •;;  Devonian  plants  from  ^^eot- 
Iriinl.  1  »:i  w.«oii.  (n.'V.).  vi,  30; 
Mannnalia  of  the  I'intah  foimi- 
tioii.  Sfott  and  (J.sl)orn,  (n-v.),  vi, 
ri'J;  N.itiir;il  r.i.-^t.s  of  ciinoiils  and 
Mast" tills.  KruNi'i'V  vl.  »;''i:  KMdio- 
l;ir':i  i:i  ■  lii-rf  of  fin-  l.ovvrr  Silu- 
rinii.  !!i".(l'-.  (p.sn.».  vi.  •1'^;  New 
.njH'.  i.vi  Si.'iii'MiM  rrfv.i.  vi,  I'l'l', 
<;ii.«-i-  .r  tin-  Ai:«'ti(l  o-  (llyait). 
J.  .\I;i:t'.i.  vi.  IL'^;  Hyn<'ii.-i.<  of 
(';itIi'  !.h-  < '.i  l>I't  i;oitI:ii  .  K«  yi'>. 
n»\-.i  vi,  Jl^;  Pt«!  jthtliy.-,  «.;as- 
t'liiij'i'..  I  J.I  ■■.■I'jua.  ( !l;iyiiolf.  vi, 
2'».'>;  « '!:;.~  ■  ilii.iti.iii  i.f  i-iiii.-iils  ii.io 
farnili- .-.  S.  A.  MilNi-.  vi.  'l~'r, 
310;      Ni.li-.lsoii      :u  «1      l.y«lol;k«  i".^ 

I':il.-..i,i<.;i^'y.  (ii'v.».  vi.  ::iL':  vii. 
5^:  l';>lit.-:  i;i  tip-  I  j.i  wktHbiii  y  .^' - 
ri's.  .^  S  W'li'dw  J  1(1.  uiN.'.  vi, 
Vrl'l:  W."  t«  M.  .\iisli;ili;i  I"'.<.-^iN. 
Nl.h  \<'  II.  JliiMl.-.  (i.v.>,  vl,  101; 
P;il<i'Z'  ic  :!i.«l  Mi  .-o/,iiir  pl.iiil.-. 
Fejstfti.ii.iol  m  \.  1.  vi.  :;'_'••;  K*- 
niMit.-  «••  risiil-  I' il  ;is  i.iculi.ir 
Und.'^  I'f  ni:niri«-  iil:inls.  I^-.^'pur- 
eux.  Mov.j.  vl.  'A'l'l\  Stoliejkaria 
and     SyrinK"HPhaeri(iae.     Duncan, 


(rev.),  vl,  323;  Geograpical  dis- 
tribution of  fossil  plants.  L.  F. 
Ward,  (rev.),  vl,  323;  Paleozoic 
flshes  In  N.  America,  J.  S.  New- 
berry, (rev.),  vl,  323;  Wood  and 
lignite  of  the  Potomac  formation, 
Knowlton,  (rev.),  vl,  324:  Gomo- 
phyllum  pyramldale  Hislnger, 
(p.s.n.),  vl,  326. 

Burrows  and  tracks  of  inver- 
tebrates, Dawson,  (rev.),  vll,  55; 
Mogalonyx  in  Holmes  county. 
Ohio.  E.  W.  Claypole.  vll,  122.  142, 
149;  Ditto  In  Kansas.  J.  A.  ITd- 
dcn.  vli.  340;  Mammals  from  the 
White  River  and  Loup  Fork  for- 
m.itions,  Scott  and  Osnorn.  (rev.), 
vll.  135;  Cyclosphaernnea  trllnba- 
tum.  H.  Woodward  (rev.),  vll,  196; 
Fish  remains  in  the  Lower  Silu- 
rian (p.s.n.).  vll,  208.  320;  Pt^rl- 
somlc  plates  of  crlnolds,  Wnch- 
smuth  and  Springer,  (rev.),  vll, 
255;  Zoantharia  rugosa.  chart 
cf  classiflontlon.  Sherzer.  vll.  276; 
Mastodon  In  Virginia  (p.s.n.).  vll, 
335:  Paleozoic  Crustacea.  Plbll«^^- 
raphy.  Vogdes,  (rev.),  vll.  379: 
TrIon>Tc  from  Malta.  Ly<Iekker. 
(rev.),  vll,  8i»l;  Paleusyops  and  ui- 
liea  genera,  Earle,  (rev.j,  vli,  3^1; 
Dictionary  ol.  Lesley,  (rev.),  vll, 
3b2;  Contributions  to  inverte- 
brate,   Wliitneid.    (rev.;,    vii,    Zb'i. 

Keceni  graphtontic  liieralure, 
R.  R.  Gurley,  vill,  35;  Fuasii  in- 
sects, bcuduer,  (rev.),  viii,  o'l; 
Dinosauria.  Jjaur,  (rev.),  viii,  oa., 
Two  new  reptiles,  Seeley  (leV.), 
vlll,  h\^\  Fith  remains  in  Lower 
SiIurian^^,  Maithew,  vill,  61;  fc>up- 
pubcd  Triiiiun  fossil  lish,,  (ed. 
com.),  vlll,  17b;  Intumescens 
fauna.  J.  M.  Clarke,  vlll,  86;  Some 
new  bpecies  of  crlnolds  and  Uias- 
tolds,  Rowley  and  ilare,  (lev.), 
vlll,  ISt'i;  Carbonilerous  cephalo- 
poda, A.  Hyatt,  nev.;,  vlli,  1^1; 
Cuial  from  'i'exas,  Cummins, 
irev.)  vill,  1^7;  Mastodon  in  Flor- 
ida, ips^n.j,  vlli,  mi;  Megalunyx 
in  Big  l;<)n»-  cave,  fcialTord,  (abs.), 
vill,  i:C;  K'luutj  excolsus.  Cope, 
(abs.).  vlli.  -31;  Avi-fauna  of  bil- 
ver  Lakr  r«;^'ion.  Shuleldt,  (abi*.), 
viii.  :i3o;*  Carboniferous  in  New- 
foundland. Dawfton,  (rev.),  vlil, 
2)1*;  l'o«luotlu-riuni.  Scott,  (rev.), 
viii,  r.JT  ;  I^'izo-m,  Tinlor  specimen. 
J.  \V.  <;n^..iy,  (lev.),  vlll,  3L'n  ; 
2se\v  i;i;ohi<)poils,  Whittield, 
nev.t,  viii.  :'.'.'7;  Fossil  botany. 
Laul.>aii<  h.  (rev.),  vlll,  397;  Fos- 
sil M^ins,  Lown  and  Booth, 
(nv.i.    viii.   .'I".»>: 

From  .*^a.»^k:iirlM\van  ,\Vhit- 
«.';i\ei..  (i«\. ),  ix.  r>«'i;  Silurian  and 
I  >«.'Viiiii;in.  J'liits.  <rev.),  Ix,  o'J; 
P'ifr^li' .s  i!<im  S.  I);ik«>ta,  Cope, 
dov.'.  ix.  .'iT;  In  the  Lafayette 
f"]-m;'i  i"ii  in  \'iii-'irii-i.  N.  11.  Dar- 
ton.  ix,  Ibl  ;  <  )n  ••••rtain  trilobltos, 
J.  M.  J'l.iik.  .  U-.  V.I.  ix,  ::<»-j.  L'03; 
Pani!iK;i  ur.iiidis.  Whit(!aves, 
(ifv.i.  IX.  I'll.  r;i  ihi-.-piial  t>per- 
eul.i  I'f  L;;i.-tl  I'lxHi;!.  Whlteaves, 
(rev.),  ix*  L'U;  <'ioip:oniehthys, 
Claypoii-.    ^abs.>,    Ix,    217;    Paleo- 
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paleomoii  newborryi,  Whitfield. 
Ix.  237;  Cambrian  in  Eocene 
gravelf?,  J,  B.  Woodworth.  Ix,  24Z,; 
Palfozoic  fishes.  Cope,  (rev.),  Ix, 
263:  Parka  decipiens,  Dawson  and 
Ponhollow.  (rev.),  Ix,  341;  Litu- 
ilos.    Holm,    (row),   Ix.  343; 

Chacteies    In    Devonian    strata, 
C.     Romlnjjor,     x,     5^;     Tertiary 
plants      from      Bolivia,      Britton, 
^nv.).       X,      C3;      Chonophyllum, 
ShtTzer,     (rev.),     x,     66;     Of    the 
Hudson  River  in  Manitoba,  Whit- 
eaves,    (abs.),    X,    67;    Cretaceous 
flora,    Dawson    (ah?.),    x,   6S;    Or- 
thocoratidae   of   Winnipeg,    Whlt- 
eave.«.    (rev.),   x,   124;   Attachment 
of    lleterocrinus,    Dyohe.    x,    130; 
Dinlchthys,    Head.    E.    W.    Clay- 
pole,   X,    i;»l>;   Genera   of  paleozoic 
brachlopoda.   Hall,    (rev.),    x,   251; 
Development       of       Brachlopoda, 
B^-erher.      (rev.),     x,     253;     New 
fos.»?ils     and       structural       parts, 
Mill«^r        and         Fhbor.  (rev.). 

X,  316:  Ditto.  Millf-r,  (rev.). 
X.  32:J:  Cla«vitiention  of  the  Cenh- 
alopoda.  Bather,  (rev.),  x,  S27, 
396:  Protolenus,  a  new  genu.s, 
Matthew,     (rev.),    x.    327. 

Palaeaster  eucharis.  Cole,  (rev.), 
xl,  120;  L'rsus  forox  from  Malta. 
J.  M.  Cook.  (rev.),  xl,  275;  Resin 
from  Burma,  O.  Helm,  (rev.),  xl, 
275;  Paleo.sarcus  dawsoni,  Hinde. 
(rev.),  xl,  275;  Hyena  and  other 
carnivora  from  Texas,  Cope, 
(rev.),  xl.  276;  Revision  of  Cain- 
ozolc  echinoidea,  J.  W.  Gregory, 
(rev.),  xl,  360;  New  fern,  D. 
White,   (rev.),  xl.  412. 

Ranere  of  Chouteau  fossils,  R.  R. 
Rowley,  xll,  49;  Cerlonites  dacty- 
loldps.  Calvin,  xll,  53;  Conrad's 
Tertiary  shells  of  N.  America, 
G.  D.  Harris,  (rev.),  xll,  60; 
Castoroldes  ohioensis,  Jos.  Moore, 
xll,  67:  Of  the  Ozark  series, 
Broadhead.  xll,  79:  Of  the  Mis- 
si.«:sippi  series  in  Missouri. 
Broadhead.  xll,  S3:  Three  great 
fo.^jsil  plaoodi-rm.s  of  Ohio.  Clay- 
pole,  xll,  S9:  Titanichthys,  Clay- 
pole,  xll.  95:  Dinlohthys.  Clay- 
polo,  xll,  91;  Gorgonlchthys 
claikl,  Claypole.  xll,  97<  Corals 
desrribe<l  by  D.  r>.  Owen  in  1S30, 
S.  Cah  in.  xll,  ^♦S:  Ei»z<)on  can- 
adense.  (p.s.n.).  xll,  131;  Glypto- 
dondron  and  oth^r  sc»-o.'i11<m1  Si- 
lurian plants  from  Ohio.  Foerste, 
xll,  133;  Tertiary  mammal.'^  from 
France  and  Italy,  with  br'ef  de- 
scription.*'. J.  Eytrman.  xll,  159; 
Terebratalfa  Be^eher.  (rev.), 
xll,  188:  Trlarthrus  berkil.  Mat- 
thew. (rev.>.  xll,  193;  Fauna  of 
the  St.  John  prroui*.  Matthew, 
inv.).  xll.  193;  Arthrophycus 
harlani.  fi»..^.ti.».  xll.  2(^7:  Ortho- 
•'♦"•ra.'«.  .»<p«MMfic  charaet*  rs.  Foer- 
st<\  xll.  232:  Si»onpi»'m  nus  dem 
Archnioum.  IT.  Rauff.  (rev.'i.  xll, 
261 :  p'loT';!  of  the  T>akota  ^roup. 
L^'.sfpH'renx.  (rev.),  xll,  32S:  Gas- 
teropoda and  cpphakipoda  of  thf^ 
Hiritan  clays.  Whitfield,  (rev.), 
xll,  329:  Crf>tacoous  fussil  plants 
from       Minnesota.       I^esrjuereux. 


(rev.),  xll,  330;  Microscopical 
fauna  of  the  Cretaceous  In  Min- 
nesota. Woodward  and  Thomas, 
(rev.),  xll,  330;  Sponges,  grap- 
tolites  and  corals  of  the  Lower 
Silurian  of  Minnesota,  WInchell 
and  Schuchert.  (rev.),  xll,  331; 
Lower  Silurian  Bryozoa  of  Min- 
nesota. T'lrlch.  (rev.),  xll.  331; 
Lower  Silurian  Brachlopoda  of 
Minnes^ota.  Winchell  and  Schu- 
chert,  (rev.),  xxl,  332:  Britl.sh 
paleozoic  phyllopoda.  Jones  and 
Woodward,  (rev.),  xll,  332:  Hv- 
ollthldae  and  Conularildae.  Swed- 
en. G.  Holm.  (rev.),  xll.  .134; 
T«ir\'al  forms  of  trilololtes  from 
the  Lower  Helderberg.  C.  E. 
Reecher.  (rev.),  xll,  33 1;  Devo- 
nian fauna  of  Altai.  T.schernv- 
schew.  (rev.),  xll.  335:  Protospoh- 
gia  rhenana.  C.  Schlflter.  (rev.), 
xll,  335:  Roiivilllgraptus  rlchard- 
sonl.    Barro.'s.    (rev.),     xll,     336. 

Tiiarthrus   beeki.    C.    E.    B*=»ech- 
cr,    xlll,    uS:    Ditto,     (rev.),    xlll, 
•«28:       Interclacial       at       Toronto. 
Cob  man.    xlll,    85:    Algae    as    ge- 
ologfrnl    guides.    .Tames,    xlll,    95; 
Revised      cla.^slflcatlon      of      the 
snfro-be;«ring   brachlopoda.    Schu- 
chert.    xlll,    102;    Invertebrate    of 
Texas.    Cr.igln.    xlll.    124:    Repub- 
lir'r>tion    of     crhu-ldea.     Whitfield, 
..xlll.    124:    Splre-bearlncr    brachlo- 
poda.       Srhuchert.        xlll,        128; 
FnvvntoT-ina.      Laurie,      xlll,      125; 
Carboniferous    >)atrarhlans.    Daw- 
son,      xlll.      137:       Tlornpd       rhl- 
nocrros     from     The      Loon      Fork 
beds.     J.     B.     Hatcher,     xlll,     149; 
E^'obitlon    of   brachlopoda.    Asrnes 
•Crane,     (rev.),     xlll.     191:     Cr*»ta- 
ceons.    at    the    Cob^mblan    Expo- 
sition,   (ed.  com.),  xlll,  18.":  T'nlo- 
like    shells   in    tho   Coal   Measures 
at   tbo   South  .Tocrgins.   WhlteMves 
^rrv.).     xlll.    193:     Food    hftblt    of 
P1<^«.IosMirs.      WIlMston.       (n.s.n.). 
xlll.    206:    Carboniferous    flora    of 
Afi^souri     D.    Whito.     frev.).    xlll. 
2S3:    T  ichas     (T'rnllchas»    rlbelrol! 
Dole: I  do.    (rov.).    xlll,    284:    Lento- 
de.sma:   Composite  generic  funda- 
TM.Mita.     J.     M.     ClaTke.     xlll,     286; 
TfMtlary    at    tbo    Columbian    Ex- 
T.f.sition.     T.     W.     Stanton.       xlll. 
2S9:  (YInoldra  of  Gotland.  Rather, 
"ev  )     xlii,  355:   Diceratherlum   In 
the    White    River    beds.    S.    Dak.. 
J.    B.    Hatcher,    xlll,    360;    Inver- 
t*»brates    from     the     Paleozoic    of 
TIllMois   and   adjacent   state.s.    MIl- 
U-r    and    Gurley.    (rev.),    xlll,    25^; 
N»'W   suborder   of  Ancvlopo<la.    H. 
V.    Os])orn.    (rev.),   xlll,   357:    Kvo- 
liJtion  of  teeth  in  Mammalia.   Os- 
born.     (rev.),    xlll.    357;    Anatomy 
of    Dlnlr'bthys.     Ba5«hford      Dean. 
(rev.),    xlll.   357:    Notes   on    Crus- 
taceans.     Jierperon.      (rev.),    xlll, 
428:     Duslia.     Jahn.     (rev.),      xlll, 
428      Devonian.     In     Brazil.     Am- 
mon.    (rev.),   xlll,   427;   Appendag- 
es  of   Trlarthrus.    Beecher.    (rev.). 
xlll,  428:  Baltic  Silurian  trllobltes, 
Scbmlilt,    (rev.),    xlll,    428; 
Lirlodendron    In    Colorado.      A. 
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Pn-«twk'h.     (rev.).    II.    341. 

nf   Mt.   Stenhen.   British   Tolum- 
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09;  Of  the  Southwest,  R.  T. 
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Hay.    (rev.),   xl,  359. 

OeoloK^'.  A.  J.  Jukes-Browne, 
(rev.),    xll,    339. 

Blu:  Stone  i?ap  coal  field?.  M.  R. 
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county,  Mass.,  B.  K.  Emerson, 
(rev),  xxvll,  59;  Of  the  Tallulah 
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Marsters,  xxxvl,  265;  Of  western 
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W.  McCallie,  (rev.),  xv,  329; 
Bauxite  mines  of  Georgia.  Rles, 
(abs.).  xvll,  263;  Eocene  stages. 
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national (Congress  of  Geologists, 
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ley's  island,  (p.s.n.),  vlll,  266; 
Drift  of  Germany,  Salisbury,  Ix, 
294. 

Geology,  Progress  of,  (ed. 
com.).    Ix,   260. 

Striae  In  Kansas.  L.  C.  Woos- 
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Geology*     of      Marthas     Vineyard 
and     Long     Island,      Bryson,    xl, 
210:        Succession       in    Ohio,      F. 
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329. 

Chromite.  biotites  and  amphi- 
bob  s.  xxlv,  181 :  Gold.schmidtite, 
hydromica.  xxlv,  182;  Roscoelite. 
parlsitf".  tourmaline,  xxlv,  318; 
rosfocllte,  xxlv,  317;  Pectolite, 
pyrophylite.  calamine.       anal- 

cito,    corundum,    xxlv,    320. 

Calcite.  XXV,  122;  Hancockite 
nasonlte,  glau(!onite.  leucophoeni- 
rlte,  XXV,  174;  Ruby,  xxv,  175; 
Graft  on  ite.     triphylllte.     xxv.     176. 

Graftonito,  triphylllte,  corun- 
dum,   xxvl,    393. 

Natrollte.  Scoleclte.  prehnite, 
P*^€t<^litc.  xxvll,  49;  Mohawklte, 
domoyklte,  algodonite,  xxvll, 
ISl:  Copper.  lead  and  other 
minerals,  sperryllte.  xxvll,  182; 
Thom.sonlte.  tnesolite.  chaba- 
zite. xxvll,  183;  Analcite,  leuc- 
Itc.  xxvll,  184;  Topaz,  carnotlte, 
and  associated  vanadiferous 
minerals,  xxvll,  185;  Smithson- 
it<\  barytocelestlte,  xxvll,  315; 
Knu  ry.    xxvll,   314. 

Cuprite,  malachite,  azurite.  cop- 
per, cerussite.  liornite,  xxxl,  45; 
Chalcocite.  chalcopyrite.  tetra- 
hediite.  cuprite,  malachite,  xxxl, 
•!•;;  .\patite.  xxxl,  62;  Mineral 
ta'  1'  s.    xvl.    lOS;    xxxlll,    257. 

ryri)xen(»  and  horndblende, 
xxxiv.  10;  Slilbite.  xxxiv.  43;  Xat - 
riiliii'.  I'l'eliTiite.  xxxiv,  41;  Ortho- 
cl;is«-.  tMiuinalirie.  xxxiv,  4.";  Bio- 
tlt.'.  ;iih1  pre-ililorlt«'.  xxxiv.  46: 
Aimhi'  nil-..  serpi'ntine  garnet, 
xxxiv.    17;   Zeolites,    xxxiv,   43,   48. 

In   ri»«k   s  -ctlcMis.   xxxvi,  319. 
Minerals,    useful     of      the      United 
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Statos.  Albert  Williams.  Jr., 
(rev.j.  Mi,  14r>;  Kook-making. 
Rosoiibusoh,  (rev.).  Mi.  53;  Mln- 
eraux  dts  roches.  Levy  and  1-a- 
croix.  (rev.),  iii,  199:  In  the  ore 
of  the  Troadwell  mine,  F.  D. 
Adams,  (rev.),  iv,  89;  Pyrlte 
holding  inolusion.s  of  native 
Rold.  Iv,  92:  Of  Pennsylvania. 
Jf»hn  lOyerinan,  (rev.),  iv,  309; 
Salt  in  Kansas.  K.  Hay.  (rev.), 
iv,  3<»9;  .Soi'ondary  at  sliear 
zones,  C  Callaway,  (rev.),  Iv, 
31  f»;  meteoric  iron,  amonf?  the 
Aztets.  Tl<ns(»ldt.  Iv.  39;  Gold 
and  silver  produotlon  in  1889; 
^p.s.n.).  V,  12»;;  Rustless  iron, 
(p.s.n.).  V,  lL*«;-  Petroleum  in 
Prazil  and  In  Pennsylvania,  (p. 
s.n.).  V,  lL'7:  Natural  k^is,  Free- 
born, Minn.,  Tp.s.n.),  v,  128;  In 
Ohio  and  Indiana.  E.  Orton, 
(rev.),  V,  3S8;  Copper  in  the 
Animlkie,  A.  C.  Lawson,  v,  174; 
(Jold  and  silver  in  British  Co- 
lumbia, G.  M.  Dawson,  (rev.), 
V,  247;  Catalogue  of  George  L. 
English,  (rev.),  vl,  123;  Gold, 
nativ«'  purity,  aqueous  origin, 
vil,  :«4.  389;  Xickel  and  copper 
at  Sudbury.  R.  Bell,  (rev.),  vll, 
261:  Platinum  and  tin  In  Texas, 
Dumble.  vll,  2()9;  Anthracite  In 
Colorado.  l..akes.  viii,  14;  Nickel 
and  copper  deposits  at  Sudbury. 
A.  E.  Harlow,  vlll,  114;  Mangan- 
ese and  its  uses.  Penrose,  (rev.), 
vlll,  261;  Gold,  universjility  of, 
« p.s.n.).  vlll,  331;  Resources  of 
Quebec.  R.  W.  Ells,  (rev.),  vlll, 
391:  Mlnluf,'  and  mineral  statis- 
tics of  Canada.  Brumell  for 
1888,  (rev.),  vlll.  ,39.=>:  Gold  in 
platers,  H.  R.  Wood,  Ix,  371; 
Manyrancse  In  Clan.'ida,  \l.  P. 
Brumell,  x,  80:  MesabI  Iron  ore 
problem  of,  X.  11.  WInchell.  x, 
1»>9:  Manganese  ore.  (p.s.n.), 
X.  198;  Can n el  coal  from  tlie 
Kootenii'.  I>.  P.  Penhallow.  x, 
331:  Deposits  of  sor-thwest  Wis- 
consin. W.  l\  Blake,  xii,  237; 
Zinc  in  Missouri.  (p.s.n.).  xli, 
*j74:  At  thf*  Columbian  exposi- 
tion, (ed.  com.),  xil.  376:  ditto, 
xlii,  18:  4ir»:  Alunogen  and 
bauxite  of  New  Mexico,  W.  P. 
Blake.  Cibs.  >.  xlv,  196;  Re- 
sources of  the  I'nltcd  States.  D. 
T.  Day.  (rev.),  xlv.  2."'.4:  In- 
dustry. (e<i,  com.),  xlv,  185;  T>e- 
pr'Slts  of  eastern  Calif..  H.  W. 
F'a!r)):ink.'<.  xvll,  111;  Resi»urces 
of  New  York.  F.  J.  FT.  Merrill, 
n*e\-.).  xvll.  3:m :  Occurnncc  of 
Anthracite,  with  a  new  theory 
of  its  orijrin.  W.  S.  (Jresley, 
xvlll.  1.  rri>m  New  Zealand, 
(p.s.n.).  xvlll,  64:  IV'Kmatyte 
veins  at  Bedford.  N.  V..  1..  M. 
T.UMuer.  xvlll,  2r>9:  FMttsi)urg 
cord  »Md.  I.  C.  Wliite.  xxl.  49; 
Pe-'ourj'es  of  the  rnitid  States, 
1^96.  D.  T.  Day.  (rev.  •.  xxl,  3S0: 
Kalvr(»orlltc  from  westi-rn  Aus- 
tralia.     E.      F.    Whit t man,    (rev.). 


xxl.  383;  Mica  deposits  of  the 
railed  Slates,  J.  A.  Holmes, 
»rev.).  XX ill,  106;  Resources  of 
Kansas.  E.  Haworth.  (rev.), 
xxlv,  305;  Tillman's  text-book, 
(rev.^.  xxvli,  48;  Ri sources  of 
South  Dakota,  O'llarra  and 
Todd.  (rev.),  xxx,  388;  Ob- 
served on  burled  Chinese  coini, 
A.  F.  Rogers,  xxxl,  43;  Resourc- 
es of  Culia,  If.  C.  Brown,  (rev.), 
xxxll,  187;  Restmrces  of  the  Mt. 
Wrangel  district,  Mendenhall 
and  Schratler,  (rev.),  xxxll,  393; 
Mining  in  (!!himi,  (p.s.n.),  xxxilf 
333:  Mining  bureau.  Manila, 
(p.-i^.n.),  xxxlv,  68;  Resources  of 
Alabama,  Smith  and  McCalley, 
(n»v.).  xxxlv,  195;  Economic  ge- 
olosry  of  the  Cnited  States,  H. 
Hies,  (rev.),  xxxvl,  321;  See  un- 
der iron  ore,  coal,  gypsum  and 
other  economic  minerals,  also 
und<»r    e<'onomic    geology. 

Mineral  waters  of  Missiouri.  Paul 
Schweltzei,   (rev.),  xl,  20."i. 

Mines  4ind  mineral  resources  of 
t*^e  Black  hills,  Carpenter  and 
Hofman,  (rev.).  Mi,  202;  Mlnea 
and  mining.  Lake  Superior,  EL 
D.    Ingall.    (rev.),   v,   242. 

Mines  and  mining  building,  Colum- 
bia exposition,  exhibits,  (ed. 
com.),  xil,  376. 

Mineral  constitution  indicative  of 
geological  ag(?,  (Am.  com.),  Il, 
168:  Resources  of  Michigan, 
Lawton,  (rev.),  vi,  251;  Veins 
inlluence  ot  country  rock,  W.  H. 
Weed,  xxx,  170:  tables.  A.  S. 
P^akle,   (rev.),  xxxlil,  257. 

Minerals  observed  on  buried  Chin- 
ese coins.  A.  F.  Rogers,  xxxl,  43; 
in  thin  sections.  L.  M.  I^uquer, 
(rev.),  xxxvl,   31!). 

Mlneralogical  characters  of  Ne^ 
Jersey  limestones.  T-..  G.  West- 
Kate,  xlv,  308. 

Mlneralogical  lexicon  of  Franklin, 
Tlami).*«nlre,  and  Hampden  count- 
li  s,  B.  K.  Emerson,  (rev.),  xvlll, 
r»o.  , 

Mlneralogical  notes.  C.  K.  Warren, 
(rev.),  xxll,  379;  W.  F.  Hille- 
brsind.  (rev.),  xxill,  ;!J1:  W.  F. 
Hillebrand.  (rev.).  xxlv.  321; 
StrtK  ture  ;ind  chemical  c«»nf.po- 
sition  of  the  Trap  of  New  .Jer- 
sey. A.  H.  Phillip.-^.  C.  If.  War- 
ren,   (rtv.).  xxvlll,  59. 

MineralOTical  and  p(  trographlc 
study  of  the  Gabbmid  rocks  of 
Minnesota.  A.  N.  Wincliell.  xxvl, 
ir.1.    1U7.   261.   318. 

Mlneralogical   synonyms,   xxxv,   376. 

Mln6raiogle  de  la  France,  et  de 
sev!  Coli»nies.    Lacroix,    (lev.).   xix, 

.  I  M. 

Mineralonle    "le    la    France.    A.    La- 

cnilx,    (rev.),   xvll,  392. 
Minerilogy,      Sx.'-tem.     J.    D.    Dana, 

Sixth  edition,   (rev.),  x,  64. 
Mlreralcy     aiwi      T*c-trogr;j|.:iy.      at 

the    CiilumbfMn    exjtn.^ition.    <\.    H. 

\Villi.»nis.    xili.    ."M.'i;    Coniributions 

to.     Pi-nileld    and    Pirsson.    nev.). 
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Mineralogy  etc.,  in  1898.  W.  S. 
BayU»y.  (rev.),  xlv,  52;  Progress 
In  1895;  W.  H.  Hobbs.  (rev.), 
xvlll,  50;  Contributions.  John 
Eyerman,    xxxlv,   43. 

Mineralogy  text-book.  E.  S.  Dana, 
(rev.),  xxli,  328;  Manual  of  deter- 
minative. Brush  and  Penflold, 
(rev.),  xxll,  328. 

Mining  bureau,  Manila,  (p.s.n.). 
xxxlv,  OS. 

Mining  industry  of  Colorado,  S.  F. 
Emmons,    (rev.),   I,   194. 

Mining  engineers.  Australian  insti- 
tute.   (p.8.n.).  xil»  65. 

Mining  royalties,  their  practical  op- 
eration and  effect,  C.  A.  James, 
(rev.),  xlv,  252. 

Mining  in  China,  (p.s.n.).  xxxll, 
333. 

Mlniiiq  Statistics.  Unite<l  States, 
n.   T.   Day,    (p.s.n.),   i,  336. 

Minnesota,  Tapper  beaches  and 
deltas  of  lake  Ag^as.siz,  Upham. 
(n*v.).  I,  64:  Black  slates  of  the 
Animikie  and  the  Of^ishke  con- 
fflom*  rate  the  equivalent  of  the 
'original  Huronian."  N.  H.  Win- 
ch«^M  I,  2,  Unconformities  of  the 
Animikie.  A.  Winchell.  1,  14; 
Additions  to  the  minerals  of 
Minnesota.  H.  V.  Winchell,  I, 
132:  David  Thompson  In  northern 
M*Mn«'sota  in  1798.  J.  B.  Tyrrell. 
(r*»v.>.  I,  2.'>6;  Fort  Pierre  and 
Fox  Hills,  sToups  in  western,  (p. 
s.n.).  I,  337;  Duluth  ffabbros, 
Tlerrlck.  ot  al.  i,  342;  Acad.  Nat. 
Sci.  (p.s.n.).  II,  365;  Diabasic 
scbl^ts  containing  the  Jaspllyte, 
H.  V.  Winchell.  Ill,  18:  Conglom- 
erates in  Gneiseic  terranes.  A. 
Winchell.  Ill,  153;  Ditto.  C.  H. 
Hitchcock,  III,  253:  Ditto.  A. 
Winchell,  III,  256:  Natural  science 
at  the  T'nivcrsity.  N.  H.  Win- 
chell III,  16:>:  Foliation  and  sedi- 
mentation, A.  C.  l-,awson.  Ill, 
169.  276 ;  Sponsres  of  the  Lower 
Silurian.  E.  O.  T'lrich.  Ill,  233; 
Stillwater  deep  well.  A.  D. 
Me.Mis.  (n.s.n.).  Ill,  342;  TJnpu- 
lasm.i  an<l  new  spef*les  of  Tjinff- 
I'la  and  Trematls.  K.  O.  Ulrlch. 
Ill,  377:  Ditto.  Iv.  21:  Archean  of 
the  region  northwest  of  lake 
Superior.  A.  C  T^awson.  (rev.). 
Iv,  .'9;  r.aa-well  at  Albert  Lea. 
(p.s.n.).  Iv,  126;  riiemlcal  orlerin 
of  t*ie  fr«>»i  (>r«'S  of  the  Keewatin. 
N.  H.  Winchell  and  TI.  V.  Win- 
rb.  11.  .iv.  2'H:  Ditto,  r.  R.  van 
HiFe.  iv.  3S2:  Ditto.  X.  H.  &  H. 
V.  Wlneln-11.  Iv,  3S3:  Artesian 
wat«r  from  the  Archean.  (p.s.n.), 
Iv.  .^02:  Arad.  Nat.  Sciences, 
(p.s.n.^.  Iv,  320;  Seventeenth  re- 
port of  the  rieolf-kfflfal  Survey. 
(rev.>.  V,  5S:  Some  results  of 
Arrb'^an  stiidl<-s.  A.  WInrhell. 
(ahs.).  V,  121:  Oas  exploration  at 
FVe«'l)OTn.  (p.s.n.).  v,  12S:  An 
aban<lujied  R«>rce  of  the  Missl.«s- 
Inpi  rlvi^r  at  Minnehaha  falls.  T". 
S.  <^"!'-ajjt.  vi.  1;  Taconlc  Iron  ores 
of  MltnM'<<ota  and  western  New 
Foundland.     N.     H.     and     H.     V. 


Winchell,  vl,  263;  History  of  lake 
Agassiz.  vll.  188.  197.  222; 
Movement  of  ice  in  Minnesota 
lakes.  E.  H.  Atwood,  vll,  252; 
Appropriation  by  the  Legislature, 
(p.s.n.).  vll,  334:  Iron  ores  of 
Minnesota.  N.  H.  and  H.  V. 
Winchell.  (rev.),  vll,  370;  Area 
Mnd  duration  of  lake  Agassis. 
Warren  Upham.  vll  I,  127;  Source 
of  the  Mississippi  river.  J.  V. 
Brower.  vlll,  291;  Southeastern.  C. 
W.  Hall.  (abs.).  Ix.  216;  New 
Braehiopoda  of  the  Trenton  and 
Hudson  groups.  Winchell  and 
Schuchert.  Ix,  284;  Kawishiwin 
agglomerate  at  El  v.  N.  H.  Win- 
chell, Ix,  359:  The  claims  of 
Willard  Glazier.  Report  of  a 
committee  of  the  Historical  Soci- 
ety. Ix,  411:  Stratlgraphic  posi- 
tion of  the  Ogishkeconglomer- 
ate.  U.  S.  Grant,  x,  4;  An  inter- 
glacial  chrometCT.  N.  H.  Win- 
chell. X,  69,  302:  Nineteenth  an- 
nual report  of  the  Geological  sur- 
vey. N.  H.  Winchell.  (rev.),  x, 
124;  Some  problems  of  the  Mesa- 
hn  iron  ore.  N.  H.  Winchell.  x» 
169;  Paleozoic  formations  of 
Foutheaatern.  Hall  and  Sardeson, 
(rev.).  X,  182;  Twentieth  Geolog- 
ical report.  N.  H.  Winchell, 
(rev.),  xl,  354:  (p.s.n.).  xl,  364; 
The  Mesabi  iron  range.  H.  V, 
Winchell.  (rev.),  xl,  355:  Ves- 
tlees  of  early  man.  W.  H. 
Holmes,  xl,  219;  Coastal  tonog- 
rnnhv  of  the  north  side  of  lake 
Superior.  A.  C.  T.,awson.  (rev.), 
y|,  3.'i6:  Aui^Ite  soda-granite.  U. 
S.  Grant,  xl,  383:  Anorthosytea 
of  T*nke  Superior.  A.  C.  T^wson. 
(rev.),  .xil,  59:  Norian  of  the 
northwest.  N.      H.       Winchell. 

(rev.),  xll,  60:  Cretaceons  In 
nnt-thf-n.  ir.  V.  Winchell.  xll, 
220;  Cretaceous  fossil  plans.  L.r 
T,«'Sonorenx.  (re^-.).  xll,  330; 
Snonges.  graptolltes  and  corals, 
"\Vinf>'ell  and  Schuchert.  (rev.), 
xll,  331 :  Microscopical  fauna  of  the 
r'r.'t;u'»»ons.  Woorlward  and 

Thomas.  (rev.),  xil.  330;  Tower 
Pnnr«'>n  Brvoza.  K.  O.  THrlch, 
xll,  331:  Lower  sllurlan  Bmchi- 
otxvd'i.  "Whvbell  and  Schuchert. 
(rev.L  xll,  332:  False  heddlng  in 
"t»-atinr,i  drift.  J.  K.  Snurr.  xlil, 
43;  Archean  of  T.,ake  Superior.  W. 
TL  r.  SnMth.  (rev.),  .xlil,  61; 
Acailemv  of  natural  sciences,  (p. 
sn.K  xlil.  T.':  Multiple  diabase 
dyke.  A.  C.  T*'iw.<50n.  xlil.  293; 
Fnrly  mnn.  "Warron  T'pham.  xlil, 
363:  Oeologleal  survey.  1892:  N. 
H.  Wln.'hHl.  (row),  xlil.  425; 
Kewi'enawan     of  Lake     Superior. 

1*.  S.  (Irant.  xill,  437:  Iron  ores 
of    tlif    Me.sahi.    J.    E.    Spurr,    xlil. 

3:i.-.:  W.  TI.  S.'otleld.  (obit.),  xlil. 
44i>:  'i'opographical  survey,  (p.s. 
n.K  xlv,  »'»»»:  'r»'rtiary  and  Quat- 
ernary base,  h'velinjr.  Warren 
I'lkhani.  <.ii)S.K  xlv.  iy:»:  Age  of 
the      <;al»'na.      >^.      H.      Wlneh^'ll. 
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(abs.).  XIV,  203;  Tertiary  and 
early  Quaternary  base-leveling, 
Warren  Uphani,  xlv.  235;  Silur- 
ian Lamelllbranchlata,  E.  O.  Ul- 
rlch,  (rev.),  xlv,  249;  Iron  bear- 
ing  rocks     of     the     Mesabi.      J. 

E.  Spurr,  (rev.),  xlv,  251;  Silur- 
ian OstracQda,  E.  O.  Ulrich, 
(rev.),  xlv,  333;  New  Meteorite, 
(ed.  com.),  xlv,  389;  Age  of  the 
Galena,  N.  H.  WInchell,  xv,  33; 
Glacial  drift  in  northeastern, 
Warren  Upham,  (rev.),  xv,  51; 
Peripheral  phases  of  the  gabbro, 
W.  S.  Bayley,  (abs.),  xv,  67; 
Base  of  the  Taconic,  N.  H.  Win- 
chell,  XV,  153:  229;  Lake  Superior 
mining  institute,  (p.s.n.),  xv, 
272;  Eruptive  epochs  of  the  Ta- 
conic. N.  H.  WInchell,  xv,  295; 
(p.s.n.),  XV,  336;  (Canadian  locali- 
ties of  the  Taconic  eruptives,  N. 
H.  WInchell.  xv,  3^6;  Final  re- 
port. Vol.  3,  Parti,  Paleontology, 
N.  H.  WInchell.  (rev.),  xv,  384; 
Lake  Superior  region  prior  to  the 
Wisconsin  survey.  N.  H.  WIn- 
chell, xvl,  12;  Keweenawan  ac- 
cording to  the  Wisconsin  geolo- 
gist®, N.  H.  WInchell,  xvl,  75; 
University  of,  (p.s.n.).  xvl,  130; 
Hational  view  of  the  Keweena- 
wan. N.  H.  WInchell,  xvl,  150; 
Synchronism  of  the  Lake  Super- 
ior region.  N.  H  WInchell,  xvl, 
205;  Latest  erupt ive.s  of  the 
Lake  Superior,  region,  N. 
H.  WInchell,  xvl,  269; 
2^i9;  Source  of  the  Mississippi, 
N.  IL  WInchell,  xvl,  322;  Taxon- 
omv  of  lake  Superior  region,  N. 
H.  WInchell.  xvl,  331;  Structure 
of  tho  Vermilion  range.  Smyth, 
and  FInlay.  (r*»v.).  xvll,  247; 
Erosion  of  the  9t.  Croix  Dalles, 
Warren  Upham.  (abs.).  xvll,  260; 
St.  Peter  s-amlstone.  V.  W.  Sar- 
deson.  (rev.),  xvll,  300;  Crlstal 
de  T^abrador  du  Gabbro.  N.  H. 
WInchell.  (rev.>.  xvlll,  190; 
Fauna   of    th«*      Magneslan    series. 

F.  W.  Sanlo.son,  (rev.)  xvlll,  184; 
Volcanic  ash  from  T..ake  Superi- 
or, Wincholl  and  Grant,  xvlll, 
211:  Tnter-«Ia<ial  gorKC  of  the 
St.  Croix  Riv«T,  Warmi  Upliam, 
(ahs.V  xvlll,  223:  Revision  of  the 
Moraines.  J.  E.  Todd,  <abs. ). 
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J.     McGee,     xxx,     200;     Ditto,     E. 
M.    Sheperd,   xxxv,   180. 
New  Mexico,  Mesozoic  series,  Jules 
Marcou,     Iv,    1'56,    216;    Drainage 
systems,   R.   S.   Tarr,   v,  261;   Ge- 
ology   of.    R.    T.    Hill,    vlll,    133; 
Tucumoari       mountain,      W.      F, 
Cummins,  xl,  375;   Cerro  Tucum- 
cari.    Jules  Marcou,   xli,   103;   Al- 
unogen  and  bauxite.  W.  P.  Blake, 
(rev.),    xlv,    lUt>;    Cerrilioe      coal 
field.    J.    J.      Stevenson,      (rev.), 
xvll,    94;    Notes    on    the    geology 
C.     L.     Webster,     xvlll,    56;    So- 
called  Socorro  tripoli,  C.  L.  Her- 
ricic,    xviii,    135;     Geology    of    a 
typical  mining  camp,   C.    L.   Her- 
riclc,     xlx,    256;     Geology    of    Al- 
buquerque,   C.    L.    Herrlck,    xxll, 
26;   Copper   and   lead   in   tlie   San 
Andreas      and      Caballos      Moun- 
tains,   C.    L.    Herrick,    xxll,    285; 
Mineraloglcal  notes,   C.   H.   War- 
ren,    (rev.),     xxll,      379;     (p.s.n.), 
xxll  I,    273;    Coal    Measures    hori- 
zon.   Herrick    and    Bendrat,    xxv, 
234;    Reconnoissanco    in     western 
Socorro    and    Valencia    counties, 
C.    L.    Heriick,    xxv,    331;    Bulle- 
tin    of    Hadlcy     laboratory,     Vol. 
n,  1900,   (rev.),  xxvll,  58;   Recon- 
noifcsance  In    Valencia  county,   D. 
W'.  Johnson,  xxlx,  80;  Land  slide 
in     the     Chiico      Carton,       Dodge, 
(abs.),     xxlx,      322;      School      of 
mines,     tp.s.n.),     xxx,     72;     Ditto, 
xxxl,    129.    395;    Jemez- Albuquer- 
que  region,    A.    H.    Reagan,    xxxl, 
67;     Block     mountains,       D.       W. 
Johnson,     xxxl,     135;       School    of 
mines,    (p.s.n.),    xxxll,    60;    xxxlll, 
332;      Block      mountains.      C.      R. 
Kfves.    xxxlll,    19;    Formation    of 
Mo'untaln   ranges.   C.    1^.   Herrick, 
xxxlll,    301;    Cllnoplains.    of     the 
Rio  Grande,  C.  L.  Merrick,  xxxlll, 
376;    Block    mountains,    a    correc- 
tion, xxxlll,  393;  Ako  of  the  lavas 
of  the  plateau   r<»glon.   A.  B.   Rea- 
gan,   xxxll,    170;    earthquakes    in 
Socorro.    R.    M.    Hapj?.    Jr..    xxxlv, 
102;    Holson    Plains   and    the   con- 
dition-s   of    their   existence,    C.    R. 
Keve.s.    xxxlv,    160;    Lake    Otero, 
a    'salt       lake   bat  in.    C.    T-..    Her- 
rick.   xxxlv,    174;    (Jeology    of    the 
Cerrlllos    hills..    D.    W.    John.son. 
(rev.),    xxxv,    56;    GeoloRlral    sur- 
vey      prnp(V4-ed,       (p..«.n.).       xxxv, 
262. 

Newsom,  J.,  (with  BrarinorL  Rod 
River  and  Clinton  nu«u>elines; 
Arkansas,     xx,     1. 

New  South  Walcs.VeKetable  (  reek- 
tin  mining  tleld.  1,  122:  Inverte- 
brate fauna.  R.  Ktheildpe.  Jr.. 
(rvv).  Iv,  101);  Records  of  tlie 
Cf«'tilnjjl<^al  survey.  Vol.  1.  Pait  1, 
(rev.).  Iv,  111;  GeoloRicnl  sur- 
vev.  Records,  Vol.  1,  part  3. 
rr«>v.i  vl.  n-Jl ;  Department  of 
minis,  report  for  ISv^'i.  (rev.), 
vl  '••'»■"  Fossil  fisln'S.  A.  S. 
WiM.riwAnl.  (nv.\  vl,  2T2;  Ce- 
olo»:le.iI  survey.  reeord.«.  Vi»l.  2. 
pMit  J.  0'ev.».  vll,  :i7S:  Diamonds 
and  rare  minerals  at  the  Colum- 


bian Exposition,  (ed.  obm.),  xilf* 
16.  413.  420;  Diamonds,  (p.s.n.), 
xxlx,  129. 
Newton,  K.  B.,  (and  R.  Holland). 
Fospils  from  Formosa,  afid  Rlu- 
kin.    'rev.),   xxx,   122. 

New        York     Correlation     of     the 
lower    Silurian    horizons,     Ulrich, 
I,   100,    179,    306;   Report   of   State 
Geologist    for    1886,    Hall,    I,    127; 
Niagara   Shales   of   Western   New 
YorK,     Ringuebeig.     I,    264;    Cor- 
relation   of    the    Lower    Silurian 
horizons.       Ulrich,      11,    39;     The 
original    Chazy    rocks.     Brainerd 
and   Seely.    II,    323;    Jb^leontolog>'. 
Vol.    V,    James    Hall,    (rev.).    Ill, 
14  <;   Ditto,   Hall  and   Clarke,    vii. 
(rev.).     Ill,     147:     Bozoon    cana- 
deYise,    G.    P.    Merrill,    (rev.).    Ill, 
268;      Prachiospongidiie,      C.      E. 
Beecher,    (rev.).    Ill,    268;    Camp- 
tonite      dikes      near      Whitehall, 
Kemp  and  Mareters.   Iv,  97;  Gla- 
ciation    of     mountains,      Warren 
Upham,   Iv,  165,  205;  Natural  sci- 
ence  in    the   public   schools,    (p.s. 
n.),    Iv,    192;    Glacial    geology    of 
the    Irondequolt    region,     C.      R. 
Dryer,    v,    202;    Crinoidea    of    the 
lower    Niagara,    at    Lockport,    B. 
N.     S.     Ringueberg,     (rev.),      vl, 
250;    Devonian    and    Silurian,    of 
W^estern    Central.    C.    S.    Prosser, 
vl,    199;    Northeastern    extension 
of    the    Iroquois    beach.      J.     W. 
Spencer,   vl,  294;  Section  of  Bald 
mountain.       E;mmons,       vll,       16; 
Southwestern    New    York,    G.    D. 
Harris,    vll,    164;    Building  atones 
J.    C.    Smock,    vll,    196;    l^osition 
of  the  Catskill  group,  C.  S.  Pros- 
ser,      vll,       351;     Chazy     in     the 
Champlain    valley,     E.     Brainerd, 
vll,    3«8;    P'auna    with    Goniatites 
Intumescens,    J.    M.    Clarke,    vlll, 
86;    Beecherella.    a    new    genus   of 
lower   Helderborg   Ostracoda,    ITl- 
rich.  vlll,  197;  Deltas  of  the  Mo- 
hawk.    F.     B.     Taylor,     Ix,      344; 
l.>itto,   Hudson  and  Mohawk.   Up- 
ham,    Ix,    410;     (p.s.n.),     Ix,    412; 
LH-Vonlan  and  Silurian   Strata,   C. 
S.   Piosser.    (rev.),   x,  257;   Cham- 
plain  sub- mergence.   W'arren  Up- 
ham.    (rev.),    xl,    119;    Lake    fill- 
ing In   the  Adirondack  region.   C. 
U.     Smyth.     Jr..     xl,     85;     Eskers 
near   Rochester.    Warren   I'pham, 
xl,    241;    Thickne.ss    of    Devonian 
and    Silurian    rocks,    C.    S.    Pros- 
ser.   (rev.),    xl,    411;    Iron-ln>aring 
rocks    of    the    Adirondack    moun- 
tains. V.  L.  Nason.  xli,  25;  Dikes, 
near      Lyon      mountain.      Clinton 
<ounty.    A.    S.   E;tkle.    xll,  31;  Fin- 
Kei-  Lal{«»s.  A.  P.  Brigham.   (rev.), 
xll,    12:5;    Glacial    erosion    in    the 
Hnj;er    Lake   Re^h»n.    D.    F.    Lin- 
coln,    (al»s.),     xll,       177:       Finger 
Lakes.    P,re\v<;r.    If.    S.    Williams, 
Chambtrlin.       (rem.).       xil,       178; 
pleistocene  hlgtorv  of  the  Cham- 
plain    viilley.    S.    P.    Baldwin,    xlll, 
170;    the    11th    and    12th    reports 
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of  the  state  ReoloKtst.  <tev.).  Kill, 
193:  Skunnemunk  mountain.  N, 
H.  Darton,  (rev.).  nIII,  211:  gab- 
bros   at    Lake    Ctiumiilnln.    Kemp. 


Trap    dikes    of    Lake 

Champ  lain 

Kpmp   and    Mars 

era. 

(1 

PV.),     xlll 

Kt\    Oranlte    of 

and    Eve,     Kemp 

id 

Holltck 

(rev.l.     xlll,    427 

ibook    ot 

Brochlopoda.      (p 

xlll,     439 

BenaseUer    Qrit 

11.     T.    N 

Uale.    (rev.).   xW 

54; 

Lake  Cayu- 

sa  a  rock  basin. 

Siv,    58;    Ditto. 

J." 

Spencer 

194:    Nl- 

asaVa   gorge  *of 

the 

po 

t-Glaolal 

period.  Warren  Upbam, 
PlaCyrncmic  man,  W.  h.  oner- 
ler.  <rev,),  xW.  197;  FoultH.  be- 
iwepn  the  Mohawk  and  the  Ad- 
Irondacks,  N.  H,  Dnrton.  (rev.), 
xlv.  ISS;  Diiriitlon  of  Nlasnra 
falls.  J,  W.  Spencer,  (rev.),  xlv, 
m:  Geological  map  of  Ihe  state, 
Jules  Marcou,  xlw,  257:  Pre-Ola- 
clal  ehnnnel  of  the  Qenreee 
river.  A.  W.  Grabau.  (rev.),  xiv, 
S97:  ReologI(nl  hlHton.'  of  Roches- 
ter, H.  L.  Fnlrchlld.  (rev.),  nv, 
SO:  Faults  of  Chnay  Inwnahlp,  H. 
P,  Cushlng.  (abs.l.  xw,  6fl:  ISlh 
report  of  the  ftate  geologist, 
Hall,  (rev,),  xv,  163:  Deep  shaft 
at  Uvonla.  (ed.  com.),  xv,  379: 
Erigan:  a  correction.  F.  B.  Tay- 
lor. KV,  394:  (p.a.n.).  xv,  400; 
(p.s.n.).  xvl,  129:  (p.s.n.).  xvl, 
403;  New  York  Academy  of  Scl- 
piices.  J.  F.  Kemp.  xvll.  •!:  mel- 
amorphism  of  Anorthoslles,  .1.  F. 
Kemp.  (rev.),  xvll,  92;  Stream 
robbing  In  the  Catsklll  moun- 
talnB,  N.  H.  Darlon.  (rev.l.  xvll, 
W:  rour  Kame  Areas.  H.  I,. 
Fnlrchlld.  (rev.),  xvll,  101;  Ses- 
sile ConulaHa.  R.  Riieilpm.-.nn, 
■vil.  15S:  (p.s.n.).  xvM.  133:  Mo- 
and  Westport    lown^hlps.    J. 


1==.    ke 

rev.),    xvll 

251:    The 

Chfluta 

uqilB 

grape     he  I,       R,     S 

Tnrr 

xvll.   :si 

Academ> 
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Miner. 
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xvll.      407 
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071'  James 
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irk     Slale 

M.    rlarke. 

xvlli.    55 

For- 11' 

fniin 

HamlUnn. 

F. 

K,    'mix,. 

23: 

;lai-la'l    fli.^ 

V      A.     P. 

llrlBham.    tah^.).    xvlli. 

22fl:    Pro- 

In  lis  1 

rl.in      and 

Ordoi _..    

367;  Lake  Adirondack,  _ 
Taylor,  xlx,  392;  Oceanic  Cur- 
rent In  the  Utica,  R.  Ruede- 
mann.  xxl,  76;  Trelllsed  drain- 
age In  the  Adirotidackfl.  A.  P. 
Urigham.  xxll,  219;  Contact 
Metamorphlsm  ot  the  Palisadea 
diiii-i'ie.  J.  D,  Irving,  (abs.), 
xxl,  398;  Wave-formed,  cuapate 
foreland*.  R.  S.  Tarr.  xxll,  1; 
ttten  Island.  A.  Hol- 
xxll,      249:    Glacial 


Drlfl    . 


dellas,  H.  L.  Fairchlld.  (abs.), 
xxil,  254:  age  of  the  Amboy  clay 
series.  A.  Holllck,  (abs.).  xxil, 
1  the  history  of  th« 
'     W.   Spencer, 


Falls.   G.    F.   Wright, 


(Xll, 


2«0:  isth  report  of  the  state  g^- 
ologlsl,  (rev.),  xxll,  324;  glacial 
observations  In  the  Champlaln 
valley.  Q.  P.  Wright,  xxll,  334: 
(p.s.n.),  xxin,  fi7;  Newark  sys- 
tem, H.  P.  KQmmel.  (aba.), 
xxlii,    93:    Ice-Bculpiure    in    West- 


s-bedding. 


Rlpple-mnrks  .....  ^,„..„ — ,„„,„.. 
G  K.  Gilbert,  (nbs.).  xxlii,  IM; 
Metamorphosed  basic  dikes  J 
P.  Kemp,  (abs.),  xxlll,  106:  AUg- 
tte  syenite  near  Loon  lake,  H, 
P.     Cushlng.     (aba.),     xxlll,   lOS; 


a-. 


Intruslvea    In    the    In  wood 
atones.    E.    C,    Eckel,    xxll 
Lake  Placid   region,   J.    P.    Kemp, 
(rev.),      xxlll,     196:    guide   to    the 
(teo  logical  collections.  New 

York  state  Museum.  Merrill 
(rev.),  xxlll,  329:  boundary  be- 
tween the  Potsdam  and  Pre- 
Cambrlnn,  H.  P.  Cushlng,  (rev  ) 
xxlll,  330;  AugltP  syenKe  gneiss, 
near  Loon  lake,  H.  P.  Cushlng. 
(rev.).  xxlll,  330:  Nomencla- 
ture of  geoloBlcal  forma  I  Inns, 
irinrke    and    Schuch      ' 


cell 


ectlons 


Mohawk  vallev,  C.  S.  Prosser, 
XXV.  131:  higher  levels  in  ths 
Finger  Ijike  region.  T.  L,  Wat- 
son, frev.l.  XXV,  1S7:  Wave- 
formed  cusp  at  lake  George.  P.  M. 
ComMock.  XXV.  192;  Great 
I-nke-i  and  Niagara.  R.  S.  Tarr. 
(rev.).  XXV,  2r.l:  fipoilon  of  Ihe 
Alloway  well.   C.  S.  Prosser.   xxv, 
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Sarle.  xxvlll,  282;  Rand  Hill. 
Clinton  County,  li.  P.  Cushing, 
(rev.),  xxlx,  58;  geological  notes 
in  the  neighborhood  of  Buffalo, 
D.  S.  Maitln,  (abs.),  xxlx,  125; 
Rate  of  lateral  erosion  at  Niag- 
ara, G.  F.  Wright,  xxix,  140;  Iron 
ores  of  Antwerp  and  Fowler 
belt,  W.  O.  Crosby,  xxlx,  233; 
Nematophyton  in  the  New 
York  State  museum.  C.  S.  Pros- 
ser.  xxlx,  372;  Tourmaline  con- 
tact zones  near  Alexandria  bay, 
C.  II.  Smith,  Jr..  xxx,  377; 
pleistocene  in  western  New 
York.  H.  L.  Fairchild.  (rev.), 
xxx,  264;  Apatite  crystals.  Ant- 
werp. N.  Knight,  xxxl,  G2;  Fall 
excursions  of  the  geological  de- 
partment. Columbia  University, 
H.  W.  Shlmer,  xxxl,  62;  Manlius 
formation.  C.  Schuchert.  xxxl, 
160;  FVanklin  and  St.  Lawrence, 
counties.  H.  P.  Cushing.  (rev.), 
xxxl,  ISO:  Noetling.  Morphology 
of  the  Pelecypods.  R.  Ruode- 
mann.  xxxl,  31;  Small  Esker.  F. 
M.  Comstock.  xxxll.  12;  Glacial 
lakes.  Hudson.  Champlaln.  and 
St  Lawrence.  Warrtn  I  pham, 
xxxll.  223:  Pro-ln)«jiiols  chan- 
nels. H.  L.  Fairchild.  (r^v  ). 
xxxll,  2.')0:  Guelph  fauna.  Clarke 
and  Ruedemann.  <J^;^-^-  '*'"^l'' 
254;  Report  for  1902.  (State  Pal- 
eontologist, (rev.).  xxxll,  3-3. 
Notes  on  geolog>'  of  eastern. 
C.  S.  Prosser.  xxxll,  380:  Index  to 
nublications  of  the  natural  his- 
torv  survey  and  state  mus^"^: 
MaVv  Ellis.  (rev.),  xxxll.  39  . 
State  museum.  •'••th  report, 
(rev.),  xxxll.  393;  Bedford  cyr- 
tolite.  L.  M.  Luquwr.  xxxlll.  li. 
Direction  of  pre-Olaclal  ftream- 
flow         (ed.      com.),      xxxlll.      43, 

(rev.),  xxxlll.  47;  Remains  of  a 
laree  mastodon,  (p.s.n.).  xxxni. 
fiO-  Pr»-Glacial  stream-flow, 
Fi-ank  Carney,  xxxlll.  196:  Hang- 
ing valleys  In  the  Finger  Lake 
region.  R.  S.  Tarr.  xxxlll.  -il. 
Poncrotions  In  the  <^  ^^^'"VL'np^v  ^• 
M      Kindle,     xxxlll.  360;  Cambric 

Dictvonema.  R.  ^"^^^^^^^J^a 
(rev.),  xxxlv,  r..V,  Stib-mar  ne 
CT-eat  canyon  of  the  Hudson  riv- 
er. J.  W.  Spencer  xxxlv.  29 
OooloRV  of  the  Klmirn  nnd  ^\at- 
klns  quadrangles.  <^^'Y.^e  and  Lu- 
ther. (v.^.).  xxxlv.  32  ;  Glnc  a1 
waters  from  Oneida  to  Little 
f'll'^  U  1.  Fjiin-)nl<l.  xxxlv.  135, 
V^a'  Plolstorene  History 

.  f    Fi^lHT's    Island.    M.    L.    Fuller. 
yxxv      "1  •     Pr.iinnpo     ff-ature^     of 
south-rentral.    R.    s^-    Tavr.    xxxv. 
l.ittl.-  Fnlls.        H.-rk-imer 

ronnty.  H.  P..  (^n^^n^-  ^'''■^',^- 
•'-a-  Map  of  the  '1  ully  qiuKl- 
ranWle*  rinrko  an.l  Luther. 
(vov^:  xxxv.  n'^^:  iMeisto.-.-ne 
features  In  the  Syrnr-..ce  n-- 
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the  Glacial  period,  xl,  189;  Es- 
kers  near  Rochester,  xl,  241; 
Pleistocene  and  present  ice- 
sheets,  (abs.).  xl,  241;  Estimates 
of  geologic  time.  (rev.),  xl,  413; 
Beltrami  island  of  Lake  Agasslz. 
xl,  423;  Englacial  drift,  xii,  36; 
Pleistocene  and  present  ice- 
sheets,  (rev.),  xil,  119;  Glacial 
erosion,  (cit.),  xii,  147;  Observa- 
tions on  eskers  of  Long  Island, 
(abs.).  xll,  167;  Evidences  of  the 
deiivation  of  Kame.s.  eskers,  and 
moraines  of  the  North  American 
ice-sheet  chiefly  from  englacial 
drift,  (abs.),  xll,  169;  Succession  of 
Pl'eistocene  formations  in  the 
Mississippi  and  Nelson  River  ba- 
sins, (abs.).  xll,  170;  Antiquity 
of  man,  (rem.).  xii,  17o; 
(rem.).  xll,  177:  Tertiary 
and  Quatt'rnary  stream  ero- 
sion of  N.  A.,  (abs,).  xll,  180; 
Fishing  banks  between  Cape 
Cod  and  Newfoundland.  (rev.), 
xll,  190;  Pleistocene  climatic 
changes,  (abs:.).  xll,  22.S:  Madi- 
son type  of  L^rumlins.  (abs.),  xill, 
222;  DIvfrsity  of  drift  nlonp:  Its 
boundary,  (abs.).  xll,  233;  Brit- 
ish drift  theories,  xll  I,  27.'.;  Eiarly 
man  in  Minn.,  xlli,  363:  Causes 
and  conditions  of  (Jlaeiation.  xlv, 
12;  Niagara  porge  a  measure  of 
the  post-Glacial  period,  xlv,  62; 
Madison  type  of  Drumlins.  xlv, 
69;  Departure  of  the  ice-sheet 
from  the  T-aurentian  l>jikes. 
(abs.).  xlv,  199:  Quaternary  time 
dlvisll)Ie  into  three  peiiods. 
(aljs.).  xlv,  203:  Tertiary  and 
Quaternary  base-Uvollinj?  In 
Minn,  and  northward,  xlv.  235; 
Eskers  in  111.  and  northward,  xlv, 
403:  Preliminary  report  of  field 
work  in  northeastern  Minn., 
(rev.).  XV,  51;  (p.s.n.)  xv.  67;  203, 
204;  (p.s.n.),  xv,  336;  Drumlin  ac- 
cumulation. XV,  194;  Discrimina- 
tion of  Glacial  accumulation  and 
Invasion,  (abs.).  xv,  200;  Climat- 
ic conditions  shown  by  North 
American  interglacial  deposits, 
XV,  273;  Stages  of  recession  of 
the  North  American  Ice-sheet 
shown  by  Glacial  lakes,   xv,   396; 


(p.s.n.),  xvl,  65;  328;  401;  Cor- 
relations of  the  ice  age  in  North 
America  and  Europe,  xvl,  100; 
Geological  Society  and  American 
association  meetings,  xvl,  233; 
Drumlin*  and  marginal  mo- 
raines       of        the        ice        sheet. 
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age  as  two  epochs.  Glacial  and 
Champlain,  (abs.).  xvl,  250; 
Warm  temr>erate  vegetation 
near  Glaciers,  xvl  326;  (w^th  G. 
F.  Wright),  Greenland  ice  field 
with  a  new  discussion  of  the 
causes  of  the  ice  age,  (rev.), 
xvll,  243;  Erosion  of  the  St. 
Croix  dalles,  (abs.),  xvll,  260;  (p. 
s.n.),  xvll,  339;  Sublacustrine  till, 
xvll,  371;  Philadelphia  meeting  of 
the  Geological  Society  of  Amer- 
ica, xvll,  89;  Pre-Glaclal  and 
post-Glacial  valleys  of  the  Cuya- 
hoga and  Rocky  Rivers,  (abs.), 
xvll,  105:  Physical  conditions  of 
the  flow  of  Glaciers,  xvll,  16; 
Beaches .  of  lakes  Warren  and 
Algonquin.  Criticism  by  Taylor, 
xvll,  399;  Origin  and  age  of  the 
I^aurentian  I^ke  and  of 
•Niagara  Falls,  xvlll,  169;  Buffalo 
meeting  of  the  G.  S.  A.  and  of 
the  A.  A.  A.  S..  xvlll,  213:  In- 
terglacial change  of  course  of  the 
St,  Croix  River  in  Minn,  and 
Wis.,  (abs.).  xvlll,  223;  Cuyahoga 
gorge  in  (J'leveland,  (abs.).  xvlll, 
223:  Relation  of  the  Ozarkian  up- 
lift to  irlaciation.  xlx,  330: 
Rhythmic  accumulations  of  mo- 
raines l>y  waMng  ice-sheets,  xlx, 
411:  Glacial  lake  Hamline.  (abs.), 
xix.  12:1;  (i).s.n.).  XX,  203;  (;ia- 
cial  lake  Aga-^siz.  (rev.),  xx,  324; 
Drumlins  containing  or  Ivins  on 
modified  drift,  xx,  383;  Shell- 
bearing  drift  on  Moel  Tryfan.xxl, 
81;  Elid  of  \]\t'  Ice-age  in  Minn., 
(abs.),  XX I,  136:  Valley  moraines 
and  Drumlins  in  the  Eng'ish 
lake  district,  xxl,  165;  Drumlins 
in  (Ilasgow.  xxi,  2:?.'»:  Parallel 
roads  of  Glen  Roy.  xxl,  291:  iJtn 
Ne^  is  the  last  stronghold  of  the 
British  ice-sheets.  xxl,  :'.76; 
Merklenberg  or  Baltic  moraines, 
xxll,  43;  History  of  mining  and 
rjuarrying  in  Minn.,  (rev.),  xxll, 
.'»1 :  Fjords  and  submerged  val- 
leys of  Europe,  xxll,  101  ;  Rnisrd 
shore  lines  at  -iTondhjem.  xxll, 
142:  Glacial  Rivers  and  T>akes  in 
Sweden,  xxll,  230;  Geology  and 
geo£rra])hy  at  the  American  As- 
.sociatlon  meeting,  xxll,  248;  Evl- 
dt'uof-s  of  epeirogenic  mo\emfnts 
causing  and  terminating  t^e  I-^e- 
age.  (abs.),  xxll,  2r)0;  Fluctua- 
tions of  North  American  (j'acla- 
tlon  shown  by  interglacial  soil 
and  fosslliferous  deposits,  (abs  >, 
xxll,  2.'8;  Tim*-  of  erosion  f)f  the 
Mississippi  and  St.  Croix  val- 
leys, (abs.).  xxll,  258:  Giant  ket- 
tles nt-ar  (^hrlstianla  and  in  Lu- 
cerne', xxll,  291:  Primitive  man 
In    the   Somme   Valley,    xxll,    350, 
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MotJifled  drllt  and  the  Cham- 
plaln  epoch,  xxlll,  31»:  F:ngla- 
Fial  drift  In  Uie  MlsalaslppI  basin, 
xjtllr,  369;  Glacial  hlBtory  of  the 
New  England  Islands.  Cape  Cod 
and  Lone  Island,  xxlv,  79;  Gla- 
cial and  modtfled  drift.  In  Mlnne- 
apolla,  Kxv,  !TJ;  Pre-Olacial 
eroBloit  In  the  Niagara  Qorge  and 
Its  relations  1o  estimates  of  poal- 
01acla[   time.    xitviK,    235;    Toron- 


the    Ice-age.     %xIk, 

162;  Growth  of  tile  Mississippi 
delta,  Nxx,  1D3;  Man  In  the  Ice- 
age  at  LHnslntr,  Kan.,  and  Little 
Falls.  Minn.,  xxx,  I3o:  Valley 
loess  and  the  fossil  man  of  Lans- 
ing, Kan.,  Kxxl,  25:  Life  and  work 
of  Prof.  C.  M.  Hall,  xxxl,  l»fi: 
Glacial    lakes     Hudpon-Champlain 
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II.   252:   Region  beyond   the  Rocky 

Mountains,    (Am,    Com.).    II,    2G4: 

General     [able.     (Am.    Com.),      II, 

2G6. 
Upper     Silurian     In      northeastern 

Iowa,   A.  G.   V,-llson.  xvl.  2T5. 
Up*  and  downs  of  Long  Island.  J. 

Bryaon,   xv,  18S. 
Ural*,  structure  uf  the.  P.  Praier, 

(abs.),    XX,   420. 
Uraul  rerox  from  Malta.  J.  N.  Cook, 

Uie,   of'  the   terralnatlon    ;'yle''    for 

rencian  and 
Newark  In  Geological  tieatlaea, 
C.  H.  Hitchcock,  V,  191:  Of  tho 
term  Aiiguata  m  geology,  C.  R. 
Keyes.    xKi,    229. 

Uaeful  minerals  of  the  U.  S..  A. 
WminmB.   Jr..    (rev.).    Ill,   US. 

Utah,   geology    and     phyflography, 

Llmfiitone  strata  of  Deep  Creek. 
W  P  Blake,  Ix,  41;  Formation 
of    OBllle,    A.    Rsthpleti,  ""*■ 


,    xxxlll,    370; 


Outer  Glacial  drift  In  the  I>ako- 
tns.  Montana,  Idaho  and  Wash- 
ington,   xxxly,    IBl;    Glacial    and 


203;  The  Npbular  and  plan- 
eiemmal  IheorN>H  of  the  earth's 
origin,    Kxxv,    212;       Fjords      and 


RUhnifrgeni-e      In      Ihe      Hudson- 
Champlaln  valley,   xxxvl,   285. 
Upoer    Camhrlnn     fauna     of      Mt. 
Stephen.    G.    F.    Matthew,    frev.l. 
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\-  JeiSfy.  Stuart  Weller,  i 

Upper    Miocene     of      Rurmah, 

N.ivmng.    (ri.v.>.    xi«,    199, 
Upper     Paleozoic.     (Dev 
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by    Sir    William     Dawson, 
com.),        11.       227:       De- 
ri   arena    In      North      Amer- 
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337;  Top  of  Ihe  Devonian,  (Am. 
'"Ti.i.  11.  239:  Problems  for  set- 
tlement, (Am.  Com.),  II,  215; 
(Carbonic)  Report  of  J.  J.  Stev- 
-nson,  (Am.  Com.l.  II,  248;  Up- 
per Carbonic.  (Am,  Com,).  II, 
249;  Lower  Carbonic,  (Am.  Com.), 


„ of     the      Uinta 

■rvatfon.  C.   P.   Berkey.   (aba.). 
Ill,  334;   Colossal   brldgea,    (od. 


Vxientme    (guarttyte.    L.    E.    Hicks. 

Vsll'lty  nf  the  family  Bohemlllld« 

Hnrranile.    C.     B,     Beecher,     xvll, 

Valley,  Glaciers  of  the  Niigsuak 
Penlnnnla,  B,  S,  Tarr.  xix.  262; 
Moraines  and  drumllna  1?  the 
Enitllsh  lake  dlftrlcl,  W.  Upham, 
xxl,  402:  Regions  of  Ala.,  H. 
McCalley,  (rev.),  xxll.  52;  Loess 
ntid  the  fospll  man  of  Ijnslng, 
Kansas,  Warren  Upham,  xxxl, 
25. 

Van  Hlie,  C.  R..  Iron  ores  of  the 
pp  n  ok. 'p- Gogebic  region,  (rev.), 
III.  197:  Chemical  origin  of  til* 
Iron  ores  of  Minn.,  Iv,  !91.  382; 
Ifike    Superior    Stratlftraphv,    vll, 

character  and  auccesslon  of  the 
pre-Cambrlan.  (abs.).  vlll,  3G4: 
PenokcP  iron-hearing  series  of 
Mich,  and  Wis,,  (rev.).  Ix,  207; 
Lnriil  geology  of  Madlaon, 
(abs.),  xil.  172:  On  antiquity  of 
man,  (rem.),  xil,  174:  Term  Al- 
eonniiln  more  comprehenalva 
thrin  Huronlan.  (rem,),  xil,  271; 
Perokee  Iron -hearing  series  in 
Mich,  and  «ta,,  (rev,),  xv,  326: 
(rem,),  xvl.  242:  Analysis 
of  folds,  (aba.).  xvl,  244; 
Relations    of    iirlmary    and     see- 
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nts  or  rocks  undn' 
,    (rev.),   xvll,   99; 


_.;  193;  (and  Bay- 
ley).  Prellratnaty  report  on  the 
Marquette  Iron-besrlng  district 
of  Mkh,  (rev.),  xvlll,  310;  Vol- 
ume relations  ot  the  orlslnsi  and 
secondary  minerals  In  rooka. 
(abs.),  xxil,  3S2;  Metamorphlam 
of  rooks  ana  rock  ftowage.  (rev.), 
xxll,  3T8;  (p.s.n.).  xxvl,  195;  Pro- 
posed excursion  for  geologjata. 
(Bbs.),  xxvli,  SS8;  Deposit  of 
ores  by  utiderground  wafer. 
{abs.>,  Kxvlll,  SGS:  Arcliaean  and 
Algonklan,  (ed.  com.),  xxvlii, 
3S3;  Tbe  training  and  work  of  a 
geologist,  XXX,  150;  :^.rth  move- 
menta,  (p.s.n.),  xxxi,  1Z9;  (p.s. 
n.).  xXNl.  s:i;  391.  3%:  On  Ueta- 
morphlam  in  elements  of  geology, 

131:   Trealfse   on   Metamorjjhlsm, 


I  Piedmont.  Italy,  xxl,  3J0; 
clal  mineralogy,  (rev.).  xxxll, 
/in  Ingen,  G11t>ert.  Batesvllle  sand- 


XXV,  392;  (p.s.n..)  xxxlii,  60. 
Van    Vl»«l,    A.    H.,    Oklahoma    si 

vey  report,  (kv.I.  xxxv,  390. 
Variation,   exhibited   by   a    cHrbo: 

gasleropod.   C.   R.   Keyes.    Ml,   3 
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Tertiary  of  Alabama,  D.  W. 
I^nfidon.  (rev.),  vlll,  1W;  or  Gin- 
clera,    H.    F.     Reld.      (abs.),      xv, 

Varlolitlc  pitlow  lava  from  Xen-- 
toiindlund,    R.   A.    Daly,   xxxll,   6o. 

Vaacu'ar  nature  of  the  stem  of 
grefl  trees  of  the  Coal  Measures, 
E.    V.'.   Claypole.   ill,  50. 

Vaughin,    T.    W.,    Stratigraphy    of 

Pe—i-n  of  the  Eocene  nt  olii  Port 
CadiTo.  Texas,  xvl,  304;  Wichita 
m—.i-'ilns.  Oklahoma  anil  ths 
Arbucklc    Hills.    I.    T..    xxlv,    44. 

''lux.    (leorge,    (rem.>,    xvH,    3411. 

Vcdel,  P.,  Facts  about  the  Great 
Ijikef.    (p.s.n.),   xvlll,   1S6. 

V*lns,  ' 'OBBlflcallon.  W.  O.  Cros- 
by,   xlll,    2B7. 

Viable,    F.    P.,  Mcienriles   of   Nor. 


Ventral,  strttcture  of  Taxocrinu* 
etc.,  Wachamulh  and  Springer. 
<rfv.).    ill,    200;    Armor    of    Plny- 
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report 

Chazy  rocks.  Bralnerd  and  Seely, 
II,  323;  Green  mountain  Gneiaa 
from  Ml,  Aoeutney.  (clt.l,  C.  H. 
Hitchcock,  Ml,  264;  Structure  and 
age  of  the  Stockbrldge  limestone, 
T.  N.   Dale,    (rev.),   xl,   B7;   Dyn- 

ena  in  a  cong:tomerate  in  th« 
Green  mounlalns,  C.  L.  Whittle, 
(rev.),  xl.  412;  Camptonlte  dike* 
near  .DanbyboroURh,  V.  V.  Mar- 
HterK  XV,  3G8:  Ditto,  xvl,  25', 
Structural  details  In  the  Green 
Mountain  region.  T.  N.  Dale, 
(rei-.).  xvlll,  390:  Washington 
llmcston...  C.  H,  Rlc-hardson, 
(abs.),  xxll,  257:  Faunas  of  the 
upper  Ordnvlclan.  T,  G.  White, 
(al)S,>.  xxlil.  Sfi;  l.lfe  and  work  of 
Augi'Mus  M-Ing,  H.  M.  Seely, 
xxviil,  1;  Ufi^  of  Zadock  Thomp- 
Bor  c.  rt,  Perkins,  xxlx,  S5:  Ge- 
ological report,  G.  H,  Perkins, 
(rev  ).  xxxl.  1:2:  Sketch  of  C.  B. 
Adams.  H.  Tn.  Scelv,  xxxM,  1: 
CeoHift!,-  of  the  Helvldere  moun- 
(aln.  V.  F.  Marsters.  (abs.), 
xxxv,  191:  Glnelatlon  of  ihpfJreen 
mounlalni*,     f".       H.       Ullrhcoek, 
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(rev.),  vll,  262;  Overthrust  faults 
of  the  southern  Appalachian«, 
C.  W.  Hayes,  (rev.),  vll,  262; 
Mastodon  reniains  in,  (p.s.n.), 
vii,  335;  Mesozoic  Igneous  rocks. 
Campbell  and  Brown  .(rev.),  vlll, 
54;  Mesozoic  and  Cenozoic  forma- 
tions, N.  H.  Darton,  (rev.),)  vlli, 
185;  Fossils  in  the  Lafayette 
formation.  N.  H.  Darton,  ix,  181; 
Dismal  swamp  district.  N.  S. 
Shaler.  (rev.),  Ix,  206;  Stratigra- 
phy of  central  Appalachia.  N.  H. 
Darton.  x,  10;  Structure  of  the 
Blue  Ridge,  A.  Keith,  x,  362; 
Cenozoic  history  of  eastern.  N. 
H.  Darton,  (abs.),  xll,  171;  Pal- 
eozoic overlaps  in.  M.  R.  (ITamp- 
bell.  (abs.).  xlll,  147;  Geology  of 
the  Big  Stone  Gap  coal  field,  M. 
R.  Campbell,  (rev.),  xlv,  392:  Po- 
tomac formation.  L.  F.  Ward, 
xvlll,  31 S:  Massutten  mountain, 
A.  C.  Spencer,  xxl,  191 ;  Wea.ther- 
ing  of  diabase  near  Chatham.  T. 
T..  Watson.  XX II,  85;  Dikes  of  Fel- 
sophyre  and  basalt  in  Appalachi- 
an. XXarton.  and  Keith,  (rev.), 
xxili,  327;  Weathering  of  diabase. 
T.  Li.  Watson,  xxlv.  355;  Analy- 
ses of  emery.  W.  W.  Miller,  Jr., 
(rev.),  xxvll,  314;  Sandstone  from 
Augusta  county.  W.  W.  Miller. 
Jr..    Oev.).    xxvll,    315. 

Viscosity  of  solids,  C.  Barus,  (rev.), 
Ix.  .•?42. 

Visual  nrca  of  the  Trilobites.  J.  M. 
Cl-nkc.    (rev.).    Ill,   146. 

Vivian,    Edwin,    (obit.),    xll.    131 

Voqdes,  A.  W.  Forgotten  Taconic 
literature  II,  3')2;  Cirtalogue  of 
North  American  Palf'ozoip  Cru- 
stacea, (rev.),  V,  183;  (p.s.n.), 
vl,  68;  Bibliography  of  North 
American  Cnistarea.  1698-1899. 
(rev.),  vll,  379;  The  genus  Ag- 
nostus.  Ix.  377;  Genus  Ampyx 
with  descriptions  of  American 
species,  xl,  99;  Bibliography  of 
the  Pnleozoio  Crustacea,  (rev.), 
xll.  262:  New  trllobite  from  the 
Arkansas  Coal  Measures,  (rev.), 
xvl,  262;  Supplement  to  the  bibli- 
ographv  of  the  Paleozoic  Crusta- 
cea, (rev.),  xvl,  262;  (p.s.n.), 
xxlv,  32'):  (p.s.n.).  xxvll,  197;  (p. 
s.n.).  xxxlv,  201. 

•opt.  J.  H.  L.,  Sedimentary  oH^n 
of  iron  ore.<?  and  Itahirite  in  Nor- 
wav,    (rev.),   xlll,  420:    (obit.),  xvl, 

Volcanic,  eruption  in  northern  C^a'- 
If..  and  Its  peculiar  lava.  J.  S.« 
Dillor,  (rev.).  I.  125;  Doist  com- 
pnr.Ml  with  Gevserite.  T^.  E. 
TTIck.-!.  II,  64:  Rooks  from  t'lc  Te- 
v^rtn  moimtains.  J.  P.  Iddlngs. 
(rev.),  Ix,  264:  Dust  from  Omaha. 
J.  E.  Todd,  x,  29o:  In  Kan«as. 
and  Indian  Territory.  S  W.  Wil- 
liston.  X,  396:  In  the  South  At- 
lantic ocean.  C.  Palache.  xl,  422; 
Rocks  of  South  Mountain.  In 
Penn.  and  Maryland.  G.  H.  Wil- 
liams,     (rev.).     xl,     55-      Rrv-kQ     of 
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(rev.),    xlll,    122;    Ancient    along 
the  eastern  border  of  North  Am- 
erica, G.  H.  Williams,  (abs.).  xlll, 
212;    Ashbed    near    Omaha,    J.    E. 
Todd,   xvy  130;    Dust  and  pumlc« 
in  Marine  deposits.  N.  S.  Shaler, 
(abs.).  xvil,  93;  TufTs  of  S^galas. 
A.    Lacroix,    xvll,    362;    Ash    from 
the  north  shore  of  Lake  Superior, 
Wlnchell    and    Grant,    xvlll,    211; 
Rocks    of    South    Mountain,    an- 
cient.    F.     Ba.scom,     (rev.).      xlx, 
139;  Contribution  to  the  study  of 
old.  G.  O.  Smith,   (rev.),  xlx,  214; 
Analyses   of   Italian   rocks,   H.   S. 
Washington,     (rev.),     xxlv,      321; 
West  Indian  eruptions  in  1902,  G. 
C.    Curtis,    xxxl,     40:     Geological 
age    of    the    West    Indian    forma- 
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